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CHAPTER I. 

THE CHEMIST. 

Chbmistby. In this book you are to learn about chemistry. 
But what is chemistry? you may ask. I will try to explain, 
and I am sure that the more you learn, the more y^u will 
find how very much there is in it you would like to know. 

The discoveries of chemists will surprise you. Perhaps 
yon think each substance you see is all one thing. Chalk 
you think is chalk, and that is all. But the chemist has 
discovered that chalk is made of three things put together. 
One is a gas as light as air ; in fact, it is a gas that forms 
part of the air you breathe. Another is carbon or charcoal. 
Yes, dark charcoal makes a part of white chalk ; but the 
charcoal is not dark now because it is combined with other 
things. The third thing in chalk is a metal. So gas, 
charcoal, and metal, three things very unlike each other, 
make chalk. 

Again, there is water. Water, simple water, that surely 
yon will say, must be one thing. People used to think so — 
old philosophers (wise men) as well as common people and 
children. But chemists found out it was not one thing. 
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2 CHEMISTRY 

Water they found to be composed of the same gas that is in 
chalk, united with another gas with which they sometimes 
fill balloons. These two gases are continually uniting and 
forming water. In every fire you see, in all flames whether 
of wood, candle, gas or fluid, these two gases are busy, 
uniting to form water. You do not see the water, for as 
fast as it is formed it passes off into the air, and water in 
the air is so finely divided that you cannot see it, but you 
p. ^ can catch it as it is formed in 

the flame, and so cause it to be 
seen. There are many ways in 
which you can do this. Here 
is one shown in Fig. 1. If a 
c(M spoon, or a spoon with a 
little ice and salt in it, is held 
over ever so clear a flame, the 
finely-divided water as it passes from the flame is what 
chemists call condensed, and gathered upon the under side of 
the spoon. If you hold the spoon so high that soot is not 
deposited upon it, a large drop of water may be seen to hang 
from the bottom where you would think the spoon was 
hottest. 

Perhaps you may have noticed that when a bright kettle 
of cold water is set on the fire, or over a gas flame, the 
outside of the kettle is not only covered with a dew, but 
sometimes drops of water trickle down. This water is being 
formed by these two gases. 

But I will tell you how you can not ouly catch, but 
actually shut up the water^ as you see in Fig. 2. 
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Here a candle is placed under a glass, and the water first 
makes the glass dim, bnt Fig. 2. 

soon gathers so much as to 
trickle down its sides. You 
can try this experiment 
with any glass jar, but you 
must remember to put some 
little bits of wood under 
the edge, as you see in the 
figure. If you do not, the 
candle will soon go out, for 
reasons that I will explain 
to you in another chapter, and there will be but little water 
formed. As the outside of the glass must be cool, do not 
try this in a very warm room. 

Water is composed of two gases. Now when the chemist 
takes water, and separates one of the gases from the other 
we say he de-composes the water. He does just the opposite 
of what is done in flame, for there the two gases unite and 
form water. So, when he separates the things that form 
chalk from each other, he decomposes the chalk. 

In other parts of this book I shall tell you more particu- 
larly about these and many other wonderful things. 

Perhaps you think you are too young to know anything 
about chemistry, and that only older persons can understand 
it. This is not so. There are many things in chemistry 
that you can understand as well as older people. I shall 
try to select such only as you will be interested in knowing, 
and leave the rest to be learned when you are older. 
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Chemistry is interesting because it tells about so many 
things yon see every day. Perhaps yon think that the 
chemist is only concerned with substances that have hard 
names, and with which you have nothing to do, but it is far 
otherwise. Many things that he can tell you about are very 
common. I have already spoken of chalk and water. The 
little I told you of their composition perhaps interests 
you, and you will be still more interested when told other 
particulars respecting them. Then there is the air we 
breathe — you would like to know about that. The chemist 
can tell you what part of the air is needful that we may live. 
You will be surprised to learn that some of it is continually 
becoming a part of your body, your flesh and bones, and 
that some of your body is all the time turning into gas, and 
flying off all around. But so it is, as shall by-and-by be 
shown. 

Chemistry can tell why fires burn brightly. You will find 
that there is a great deal of chemistry in so common a thing 
as a candle. A most distinguished chemist (the late 
Michael Faraday) delivered six lectures to a young audience 
in London on the " Chemical History of a Candle," and they 
have been published, making a book of more than 200 pages. 

Chemistry also tells what it is that makes bread rise, 
and how it is that bread nourishes the body ; also how soaps 
are made, and why they cleanse clothes and other things ; 
also how paints and .dyes are mixed and employed. 

About these and very many other common things 
chemistry can tell much of interest that will be of use in 
many periods of your life. You may now know more about 
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these and other subjects than the wisest people knew fifty 
years ago, for chemists have discovered much not then 
known. 

You may have heard that chemists try experiments. In 
this book I shall describe experiments, many of which you 
can try for yourselves. You can try them with bottles and 
tubes that cost very little money, and by exercising a little 
contrivance you can try many of them with what is at 
your own homes. 

But you need not do even this to be interested in 
chemistry, because there are things that illustrate the 
subject continually happeiaing before you. There are ex- 
periments, so to say, going on not only around, but within 
you; and you have only to look and chemistry will be found 
everywhere in action. 



CHAPTER II. 

OXYGEN. 

Oxygen. That is a hard word, you will say. Why hard ? 
Simply because it is new, and you do not understand what it 
means. When I have told you what oxygen is, and related 
some interesting facts about it, the word will be as easy as 
any other of the same length of which you know the meaning. 
The names of your acquaintances would be hard words if 
they were not the names of those you know. Now I hope 
to make you as well acquainted with oxygen as you are with 
any of your friends, and then it will seem quite as easy a 
name as Joseph, or Caroline, or Elizabeth. Many words in 
use every day are much longer than oxygen, such as 
"amusement," "temperature," "velocity," &c. ; but they 
are easy when you are familiar with them, and know what 
they mean. So, when you have read this book, oxygen and 
other terms now new, and therefore hard, will be easy, 
because you will know their meaning. 

Though not yet acquainted with oxygen, you have a great 
deal to do with it. Indeed, you could not have done with- 
out it at any moment since you were born. Every time you 
draw a breath some of it is taken into your lungs, for it is 
in the air. If what there is of it in the air should be taken 
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out, you would die as quickly as you would under water. 
This oxygen is nourishment to the body. True it does 
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not go into the stomach, but still it is quite as necessary 
as the food you swallow. It goes into the lungs, which 
must haye it or death would result. 

¥ou may live for days without food being put into the 
stomach ; but lung-food must be had every minute. 

That which goes into the lungs helps to make the solid 
part of the body — bones, muscles, skin, &c. But when it 
goes in it is a gas, and not a solid : there are many kinds of 
gases. The air you breathe is a mixture of gases. The gas 
that we burn is different from that in air. You see it 
burning when you see a flame, whether from wood, coals, 
candles or lamps. Oil or tallow is changed into gas before 
it burns* Flame is burning gas. When wood or coal is 
burnt, all except the ashes that are left goes into the air, 
and generally manifests itself by a flame. 

Most gases have no colour, and they can be looked through 
as if through glass. You are always looking through gases, 
for the air is a mixture of three gases. You cannot see air, 
neither can you see gas that has no colour. For example, 
if a gas-tap be left open and the gas not lighted, you may 
not see, but you can smell the gas coming out. Colourless 
gases are said to be perfectly trampareniy like clear glass, 
because objects are seen or appear through them, trans being 
the Latin for through. 

I shall tell you presently about many different gases, but 
now more particularly of oxygen. 

Oxygen is a part of almost everything you see. It forms 
a large part of all the water in the world. As I have already 
told you, it is in the skin, muscles and bones, and is a most 
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important part of the blood that runs in the veins and 
arteries. The ground beneath our feet and even solid rocks 
are made in part of oxygen. This gas is very abundant, and 
occurs to a greater extent in nature than any other substance. 

It may seem strange that gas can make part of such solids 
as flesh and bone. But in winter a liquid becomes solid, 
for ice is solid water. Now this same water, that is some- 
times liquid and sometimes solid, is sometimes also a gas. 
There is always water even in dry air ; and as in clear dry 
air no water is to be seen, the water must be as iMn as air 
itself. It is no more strange that oxygen gas can become 
part of a solid, than that water can be turned into ice. 

Oxygen gas can be separated from some of the substances 
with which it is united, and so can be had by itself. 
Chemists commonly use for this purpose a crystalline sub- 
stance. What that is I will not tell you now, but shall do so 
in another part of this book (page 97), when you can un- 
derstand it better than at present. This powder is placed 
in a glass vessel, called a rebott^ and heated by a spirit- 
lamp, as represented in Fig. 3, or by a gas flame. Oxygen, 
separated from the powder by heat, passes over and bubbles 
up from a pipe in the beak of a retort, as it is called, which 
you see dips under water in a large tin vessel. There is over 
the pipe a glass vessel, called a receiver — a wide-mouthed 
bottle with its open end downwards answers very well. 
This receiver is filled with water by being put under water 
in the large iin vessel. It may then be turned with its 
mouth downwards, and partly raised out of the water. As 
the pipe from the retort is under the mouth of the jar, gas 
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being lighter than water goes up in bubbles, and takes the 

place of the water in the upper part of the receirer, which 

Pig. 3. 




may thas be filled with oxygen gas. In collecting this gas, 
the first bubbles must not be canght, for the sir in the retort 
muBt be driven ont, because we do not want to catch air. 
Let that go, ajid catch the gas that comes afterwards. 

The tin or earthenware vessel in Fig. 3 is called ipneumaiic 
trouffh ; in it is a shelf, a little under the water. Beceivers 
stand on this shelf. The beak of the retort or pipe is near 
the edge of the shelf, and the receiver is filled by placing it 
just over the open end. Or there may be an opening in 
the shelf, through whinh the gas may be discharged into the 
receiver. 

A jar of gas is easily taken &om the vessel when wanted 
for experiments. Tour own ingenuity may contrive several 
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ways. One is to slip a small plate or a piece of window-glass 
nnder the month of the jar before it is remoyed. It may 
then be taken from the trongh of water, and placed npright 
on a table, as (a), Fig. 5. 

There are many beantifal experiments that can be tried 
with oxygen. I will tell yon some of them. 

Pnt a lighted wax taper fixed to the end of a piece of bent 
wire, as shown in Fig. 4, into a jar of oxygen (a), as in Fig. 5. 
pig. 4. Fig. 5. It will bnm with dazzling bright- 

ness, and be rapidly consnmed. The 
reason is this. It is the oxygen in 
the air that makes the taper bnm at 
all. Of conrse, the more oxygen gets 
to the taper the brighter it will bnrn. 
Now only about one fifth of the air is 
oxygen, and so the taper in the jar (a) 
will bnm fiye times as fast and as 
brightly as in common air. 

Some substances which do not burn 
brightly or with flame in common air may become bright 
and flaming in oxygen gas. If you watch charcoal burning 
in the ordinary fireplace, it appears of a dull red heat— no 
life in it— neither sparks nor flame. Put such a piece of 
dull charcoal in this gas, then it will have a supply of 
oxygen five times as abundant as it had before. The conse- 
quence is that what may be called its activity will be 
increased, and this is manifested by the great number of 
bright sparks thrown all around and by the rapid consump- 
tion of the piece of charcoal. 
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There is no sabstance that makes so brilliant a light in 
baming in oxygen an phoephorofl. A very thick white 
amoke arises, which is most brilliantly illominated. 

Fig. ft 




If snlpbnr be bnrned in oxygen gas, the smoke has a most 
beaatifnl bine colonr ; and is arranged in a very singular way. 
It goes np straight in the middle of 
the jar, and then falls in curious rings ^' 

down the sides. 

The mode in which yon may arrange 
a taper or charcoal or phosphorus or 
salphnr for burning in oxygen is 
shown in Figs. 6 and 7. A glass jar 
is first filled with oxygen in the way 
Ebown in Fig. 3, page 9. The substance 
to be burned is placed at the end of a 
wire, which is proTented from falling by being passed through 
a piece of card, as seen in Fig. 7. Or a bell glass may be 
placed oyer the substance, as in Fig. 6. 
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There are some anbetanceB which most people think can- 
not bom, that do burn very readily in oxygen. Iron is one 
_, g of these. If yon take a piece of very 

fine iron or steel wire, and twist it as 
^a^v yon see in Fig. 8, yon can make a 

^^^^to splendid fire with it in the oxygen. 

^^^^1 Bnt how will yon manage it F You 

H^^H cannot set it on fire in the air, and then 

^/m^^^^^^^ introduce it into the oxygen, as is 
j^^^^^^^HR done with phosphoms, charcoal, etc. 
^^H^^^^^E^. It is managed in this way. The end 
of the fine wire is dipped in solphnr, 
or has a bit of something which will bnrn in common air 
fastened to it, as charcoal. Yon light this substance, and 
introduce the wire into the jar of oxygen. The substance 
on the end of the wire in burning sets fire to the wire 
itself, and then sparks fiy most merrily. 
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KITBOGEN. 



NiTBOGEN. In fiye gallons of air there are about four gallons 
of a gas called nitrogen, and about one gallon of oxygen. 

Nitrogen is very different, in some respects, from oxygen. 
Nothing will burn in nitrogen. Suppose you have two 
bottles or receivers in one of which is oxygen and in the 
other nitrogen. If a lighted candle be put into the one of 
oxygen, it will, you know, bum brighter than in air. But 
if taken out of oxygen, and put into nitrogen, it will not burn. 
Even phosphorus will not burn in nitrogen. So, if all the 
oxygen should be taken from the air every fire would go 
out. 

Besides this, no animal can live in nitrogen gas. There* 
fore, if the oxygen should be taken out of the air, all animals 
would die, just as all fires would be extinguished. 

Although animals cannot live if they breathed only pure 
nitrogen, yet this gas enters very largely into the compo- 
sition of the flesh of all animals. It also forms a large part 
of the vegetable substances that are used for food. It 
becomes part of the flesh of animals in consequence of the 
food they eat and not from the air they breathe. If in the 
food there was no nitrogen, the body could not be nourished. 
In a chapter near the end of the book you may read more 
on this subject. 
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A fire or flame when placed in nitrogen goes ont because 
there^ is no oxygen. Put only a little oxygen into the 
nitrogen, and the candle will bum ; for it does bum well in 
a mixture of oxygen and nitrogen, that is, in common air, in 
which there is four times as much nitrogen as oxygen. 

So, nitrogen does not act as a poison to an animal; for 
there is going into the lungs of all animals four times as 
much nitrogen as oxygen. 

Perhaps you are already asking of what use then, is 
nitrogen in air, since it does not make any thing burn, or 
keep any thing alive ? I will tell you. 

Suppose that the air were all oxygen instead of being a 
mixture of oxygen and nitrogen. What would happen ? 
Call to mind the experiments in which different things were 
burned in oxygen. Our fires would bum very brightly. 
This would Sometimes be pleasant. We should not be 
troubled with dull fires and dim lights. It would be one of 
the easiest things to kindle a fire. But on the other hand 
there would be great inconvenience and danger from so much 
oxygen. Things would burn very fast. They would be 
too ready to take fire. We should have things taking fire 
much of tener than now ; and it would be very hard to put such 
fires out. Towns and cities would be often burned. Sparks 
from engines of railway trains would be continually setting 
fire to bridges or fences, and candles would do the same to 
furniture and houses. We should have to be much more 
careful about fire than we now are. 

Beside all this, if the air were wholly oxygen it would be 
injurious to animals. It would be too heating, too stimu- 
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lating. With so much oxygen entering our lunga we 
should be as hot as we are after violent exercise. This 
ffould make us very uncomfortable. We should be always 
fanning ourselr^, drinking cold water, and seeking cold air. 
Inflammations and fevers might be produced, and we conld 
not live long in this way. 

For such reasons as these onr Creator may have given as 
oxygen mixed with so much nitrogen. This mixing is what 
vre often do. Milk is mixed with tea and coffee, flavourings 
are mingled with soups : and articles not pleasant are made 
pleasant. Thus oxygen being mixed with nitrogen we may 
take it without harm. 

Nitrogen, you see, goes every where with the lively 
oiygen, and as it were keeps it in check. It however unites 
with many substances. I will now give only two examples. 
Nitrogen unites with hydrogen and oxygen, as you will see in 
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the next chapter, to form 
a most powerful acid — 
aqtiaforiis. It is also one 
of the two ingredients 
of ammonia or hartshorn, 
which when smelt so 
tingles the nose. 

You can get nitrogen 
from the air by a very 
pretty experiment. A 
large basin or trough (as in Fig. 9), a good-sized glass jar, a 
flat cork smaller than the open end of the jar, some powdered 
chalk, and a bit of phosphorus, are all that are needed. 
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Toa ma; wish to know how much phosphorus to nae. If 
the jar holds a pint, a piece of phoephoms the size of a 
large pea will be needed. Fhosphoros takes fire so easily 
that great cantion is reqniied in handling it. 

Fill the basin with water ; hollow ont a little place on the 
cork and sprinkle some chalk into it ; place the phosphoros 
on the chalk, and then set the cork on the water. Light the 
phoBphoms by touching it with a hot wire, and pat the jar over 
it with its edge in the water. There is in the jar a miztnre 
of oxygen and nitrogen, that is, air. Then there is burning 
phosphoms. Now the phosphoms bnms because oxygen is 
there. If there were nothing but nitro- 
gen in the jar it would not bnrn. Watch 
the experiment, and yon will soon see that 
the phosphorus boms rather dimly, and 
at length goes out, although there may 
be a large quantity left on the chalk. 
Why is this P It is because the oxygen 
is all consumed, and nothing remains in 
the jar but nitrogen. 

Tonsee the cork risesinthejar. Why? 
That part of the air in the jar which is 
oxygen is used, and the water and cork 
fill this room. If you take what is called 
a i£si tvhe — that is, a little glass vessel about the size of your 
finger — and arrange the experiment as shown in Fig. 10, 
yon may measure the height to which the floating cork rises, 
and you will thus find how much oxygen has been in the aii 
in the tube. 
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Bnt what has become of the oxygen ? It is not lost in 
the burning. It united with the phosphorus, and they 
together make the white smoke which arises when phos- 
phorus is burned in oxygen as represented in Fig. 6. This 
smoke easily dissolves in the water, and in so doing forms 
what is called phosphoric acid. It soon disappears, and 
nitrogen is left alone in the jar. 



c 



CHAPTER IV. 

HIT&IO ACID, AaXTA F0BTI8, AND LAXTGHINO GAS. 

NiTBic Acid. In air, as yon have seen, oxygen and nitrogen 
are only mixed together. The oxygen is diffnsed through 
the nitrogen as milk is diffused through tea when they are 
mixed. But oxygen and nitrogen can be united so as to 
form compatmds having properties very different from those 
of the mixture we call air. This act of uniting is called 
chemical combination. 

By ehemdeaJ combination is meant uniting in such a way 
that tjie substances cannot by any simple means be separated. 
Indeed there are changes in the combining substances which 
cause the character of the compound to be very different 
from what might haye been expected. In the experiment 
described on page 16 with Fig. 10, you were able to separate 
oxygen from nitrogen. In that case the two were said to be 
mixed. When however, in some way unknown to us, these 
gases unite with hydrogen as in nitric acid or aqua fortis 
they cannot be so simply separated, and the result of the 
union is said to be a chemical compound. 

One of these compounds is niiric acid^ also called aqua 
fortis, which is Latin for strong water ^ because it is a very 
powerful acid. It will destroy cloth, and even flesh, if 
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dropped npon them. How strange that such a biting acid 
is composed of two gases so quietly going into onr longs 
every time we breathe ! 

Although these gases mix so thoroughly in the air, yet 
they do not then unite to form this acid. It is very difficult 
to make them unite. All the tossing about which the air 
gets in winds and whirlwinds vnll not do it. Air is some- 
times greatly heated, but the heat of the hottest furnace 
cannot cause the oxygen and nitrogen of the air to unite 
and form a chemical compound. A flash of lightning vnll 
make them unite so as to form nitric acid; but there is 
very little made thus. This little, however, being carried 
down with the rain-drops, is of use to the farmer and 
gardener in promoting the growth of plants. 

There is another compound of these gases named nitrous 
oxide of a very different character from nitric acid. It is in 
the form of a gas. It can be breathed and does not irritate 
the lungs. It produces, however, when diluted vnth air, a 
very singular effect upon the system, under certain circum- 
stances, making the person who breathes it very joyous and 
excitable; hence it is called laughing gas. If, however, 
breathed without any mixture of air, the person seems to 
fall asleep. For the short time this state lasts the person 
does not feel pain. Teeth may be taken out and operations 
performed by doctors, and the patient not feel them. 

Now in this gas, only oxygen and nitrogen ^nter; they 
are not mixed, as in air, but they are a chemical compound. 

Observe how these two compounds differ. One, nitric 
aeidy is a liquid which stains and corrodes, that is, eats 
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away gradually. The other, nitrous oxide, is a gas, soft, 
mild, and pleasant to breathe. 

The reason of this difference is in the proportions of the 
ingredients. Nitric acid has more oxygen in it than the 
other gas has — just fiye times as much ; that is, to every 
pound of nitrogen there is five times as much oxygen in 
nitric acid as there is in nitrous oxide. 

Suppose that oxygen and nitrogen in air formed chemical 
eompotmds. What would happen? Suppose, for example, 
that these gases should unite in air and make a large 
quantity of laughing gas. In whatever country this 
happened the people would play strange pranks. 

Or suppose that these gases ahould unite to form nitric 
acid in the air. It would destroy the life of every animal 
and every- plant in the world. 

If the nitrogen and oxygen now in your lungs should 
suddenly unite to form nitric acid, you would probably 

die. 

But the Creator has so made these gases that they do 
not form a chemical compound when simply mixed. When, 
at the Creation, He pronounced all His works to be " very 
good," He meant the air as well as other things. It is 
good — very good — for all the purposes for which it is 
wanted. 

G-od has made some things so that they unite very 
readily. Thus, in the experiments in which phosphorus 
was burned, it combined with oxygen and formed phos^ 
photic add. . Kow if phosphorus were diffused through 
air as nitrogen is, it would not do to have it combining 
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so easily with oxygen. But there is none in air, and it is 
present only in those places where it will not do harm. 
This, and other things I shall tell you about, show that 
the Creator fits every thing exactly for the place in which 
it is to be, the company it is to keep, and the thing it 
is to do. 

There are three other chemical compounds of oxygen and 
nitrogen, making, in all, five compounds, which differ only ia 
the relative quantities of oxygen and nitrogen combined.. 



CHAPTER V. 

CABBOH. 

Cabbon. Thas fiu- 1 have spoken of two gaees in the miztnre 
that we call air. But there is a third gas, in very small 
qnantit;, called earionic acid, or earhonie acid gat. There 
is only one gallon of this gas in every 2500 gallons of air. 
Fig. 11. 




The proportions of the three gases may he illustrated by 
Fig. 11. The largest cnbe, or square box, represents the 
bulk or quantity of nitrogen, the next the bulk or qnantity 
of oxygen, and the very little cnbe the bulk or quantity of 
carbonic gas. Although there is so small a quantity of this 
gas in the air, it has a very important influence, as you will 
soon see. 

Carbonic gas differs from oxygen and nitrogen in being 
composed of two things. Oxygen is one thing, and eo is 
nitrogen. Neither of them, as far as our present knowledge 
goes, can be divided, and they are called dements, or elemen- 
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tary substances. But carbonic acid is not an element, but a 
wn^fowndy for it is made of two things waited in one. Observe, 
these two things are not mioBed as nitrogen and oxygen are in 
air, but they are combined to make one thing — as mnch as if it 
were really an element. The two elements which compose 
carbonic gas are your life-exciting friend, oxygen, and 
another I will now introduce to your acquaintance — carbon. 

Carbon appears in yarious forms, but the most common 
is that of charcoaL It is for this reason that the two names, 
charcoal and carbon, are ordinarily used by chemists as 
meaning the same thing. The yarious kinds of coal that 
we bum are mostly carbon. Plumbago, or black lead as it 
is called, is a yery pure form of carbon. It is this which is 
used in lead-pencils. The name Uack lead is yery improper, 
for there is not a particle of lead in this substance. It is 
wholly carbon, with the exception of a yery yery little iron 
generally present. 

In the diamond we haye carbon perfectly pure and 
beautifully crystallized. How strange that this most costly 
and brilliant of gems should be made of the same material 
with common dull and black coal or charcoal I But so it is. 
And yet no man has been able to change charcoal into 
diamonds. The Creator alone knows how diamonds are made. 

The diamond is perhaps the hardest substance in the 
world. Tou cannot scratch a diamond with any thing else ; 
and in preparing a diamond to be ^' set," that is, fixed as 
jeweb are in brooches, it is ground with the powder of 
diamonds. With a small diamond thus " set " in the end 
of a wooden pencil the glazier cuts glass. 
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All differeut forms of carbon can be barned. Most at 
tbem bum in common air ; but }Aaxk lead and the HamfftdL 
will not. To bom tbem yoa mast do bo in oxygen o^ne, 
without any nitrogen. 

Observe what comes from burning carbon. You le- 
member that on page 17 I told you that when pfaoephoros 
is burned it unites with the oxygen of the air, making 
phosphoric acid. So, when carbon bums it unites with 
oxygen and forms carbonic acid gas. This gas is formed 
when we bom a diamond in oxygen, as well as wlen 
we bum common charcoal. It is rather an expemive 
experiment to burn a diamond, but it has often been per- 
formed. 

The charcoal we use is, you know, made from wood It 
is wood partly burned. It is made by burning wood in a 

Kg. \'L 




heap, covered up with turf. There are some small openings 
left above and below, so that a l^i&a air can circulate among 
the wood, and thus keep up a smothered burning. 
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The explanation is this. Wood is composed of carbon, 
united with other things. Now we want to get the carbon 
by itself. This we do by so burning wood as jnst to drive 
off into the air these other substances that are with the 
carbon in the wood. Some of the carbon is lost in this 
burning, for oxygen unites with it, and they fly off as 
carbonic gas. Most of the carbon remains, and we have it as 
charcoal. In making charcoal it is necessary to take great 
care not to admit too much uir, lest the carbon that we 
require should be consumed by combining with the oxygen 
of the air and passing away as carbonic gas. As there is 
always water even in wood that seems very dry, this is 
driven off by the heat, and mingles with the smoke. 
You can readily make charcoal Fig. 13. 

in a small way. Take a test 
tube, Fig, 13, and hold a burn- 
ing slip of wood in it. The 
tube prevents air from getting 
freely to the wood, so causing a 
miothered burning, and thus 
a slender piece of charcoal is 
produced. 

Coal is almost wholly carbon. 
It differs from charcoal in being very solid. It is supposed 
that all the coal got out of coal-mines was once wood. 
How, then, did it become coal? Man can not make such 
coal from wood ; but the Creator can do what man can not. 

Soot is mostly carbon. It forms in the chimney thus: 
coal and wood in burning unite their carbon with oxygen 
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forming carbonic gas, wliich flies off — ^this gas yon cannot 
see any more than yon can air, bnt the smoke of the fire 
yon can see, so that there mnst be something in it besides 
carbonic gas. What yon see is made np of fine particles of 
carbon, which are thrown off £rom the bnming coal or wood 
and fiy np the chimney not being changed into carbonic gas. 
Many snch particles lodge on the sides of the chimney and 
are called soot. 

When a flame smokes, the smoke is made np of little 
particles of carbon, for there is carbon in gas and oil as well 
as in wood. The reason it smokes is that there is more 
carbon than is sufficient to unite with the oxygen that comes 
to it. If oxygen came to the flame faster, it would stop the 
smoking ; for then there would be oxygen enough to turn 
all the carbon into carbonic gas. So too, smoking would 
stop if you should put the flame into oxygen gas. There 
would in that case be five times as much oxygen around 
the flame as there is when the flame is in air. 

Lampblack, so much used in painting, is a kind of charcoal. 
It is made by letting the smoke of burning pitch or resin 
into a chamber lined with leather. The lampblack collects 
on the leathern sides of the chamber. 

There is much carbon in many different things that we 
see. There is carbon eyen in chalk and marble. It is 
ehemcdily combined in these with oxygen and lime, so that 
it does not show itself as carbon any more than it does in 
carbonic gas. It is in egg-shells, oyster-shells and all 
shells. It is in all wood, and makes an important part 
of leaves, flowers, fruit, and, indeed, of most yegetable 
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snbstances. The bodies of all animals have carbon as one 
of their principal ingredients. But it does not show itself 
as carbon any more than it does in white chalk and marble. 
It is, as it were, hidden by being chemically combined with 
other things. By separating it from these, it can be brought 
from its concealment and shown as carbon. 



CHAPTER VL 

CABBOSnC ACID GAS. 

CABBOiac AdD GAS, or Gabboiho gas, as you learned in the 
preyions chapter, is composed of carbon and the gas oaeygen. 
The carhon is no longer solid, bnt united with a gas to 
form a gas ; and the gas thus formed unites with many 
substances. For example, in chalk and marble we have 
this gas combined with lime. 

There is a gas called carbonic oxide gas, but of this we 
are not going to write at present. On a future day you 
may learn of this and other gases not named in the present 
book. 

Now we can obtain carbonic acid gas from either chalk or 
marble, by using something which will take away the lime. 
An acid called mv/natie or hydrochloric acid will do this, 
because it has a greater affinity for lime than carbonic acid 
has. If we pour some of this acid into a glass vessel, and 
drop in pieces of chal^ or marble, the carbonic acid gas 
separates from the lime. An effervescence occurs. This is 
caused by the gas being set free from the chalk as the 
hydrochloric acid takes lime from it. The gas rises, and 
pushing out the air, fills the glass vessel. 

You will want to know how much hydrochloric acid and 
chalk you need in making the gas. If your glass jar holds a 
quart, pour into it two teaspoonfuls of the acid. Then drop 
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in little bits of chalk till effervescence ceases. Thus you get 
the jar fall of carbonic acid gas, the muriatic acid and lime 
being united in the bottom of the jar. 

This is commonly spoken of as making the gas ; the 
expression is hardly a proper one. The gas is not made ; it 
is united with lime in the chalk, and we only separate' it 
by nsing hydrochloric acid to take lime away. 

But there are ways of actuLally making this gas. For 
example, when we burn charcoal in a jar of oxygen, as 
represented in Fig. 7, the carbon unites with the oxygen 
in burning, and we have in the jar carbonic acid gas. Here 
we make the gas, for carbon unites with the oxygen, and 
thus forms it. 

So also, if we burn charcoal in common air. In such 
case we do not get carbonic gas alone, but it has a large 
quantity of nitrogen mingled with it; you can tell how 
much, since you know that there are four gallons of nitrogen 
in five gallons of air. 

Whenever, in fact, you set fire to wood or a candle or 
rag or paper you nmnufactv/re carbonic acid gas. There is 
carbon in all these, and in burning it unites with the oxygen 
of the air and forms carbonic acid gas. 

For most of the experiments that we want to try with 
carbonic gas, it answers to obtain the gas in the way that 
1 first mentioned on page 28 ; but for some experiments 
it will not do to have anything left in the bottom of the 
jar. In that case the gas must be made in a retort or a 
flask, and so pass out and be collected in jars, as we obtain 
oxygen gas. Or, we can obtain it in the way represented in 
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Fig. 14. 
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Fig. 14. Here, a flask contains chalk and muriatic acid. 

A bent tube at one elid passes 
through the cork, and the other 
end nearly touches the bottom of 
the jar in which the gas is to be 
collected. Now obserye the ope- 
ration. There is air in the flask 
and jar. This is driven oat by 
the gas as it forms. This gas is 
heavier than air, and so the air 
very readily passes out, and 
leaves the jar fnll of gas. If yon 
wish yon may use two pieces of bent tube, connecting them 
with a little piece of india-rubber pipe, as at h. The thick 
tube just above the flask is for drying the gas. Yon will 
understand it better at a future day. 

Let us look, now, at some of the qualities of carbonic 
acid gas. It has no colour, and is transparent. In these 
respects it is like oxygen and nitrogen. It has a faint 
smell and a slightly acid taste. 

Ordinary combustibles do not bum in this gas. A candle 
lowered into a jar of it will be extinguished. A very pretty 
experiment is sometimes tried. We have two jars, one full 
of oxygen, and the other of carbonic acid gas. If a candle 
be lowered into a jar of carbonic gas it goes out. If now, 
it be instantly put into oxygen the spark on the wick lights 
at once into a bright flame, and so we can put out and relight 
the candle several times. 
Why does the candle go out in the carbonic acid gas? 
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Because no oxygen is there to make it barn. But perhaps 
yon will say that oxygen u there, for carbonic acid iB com- 
posed of oxygen and carbon. True ; but the oxygen is not 
there as oxygen, for it is combined with the carbon bo as to 
nule Bomething entirely different. The anion is a close 
one. The carbon clings as we may say to the oxygen, and 
will Dot let it go to the bomlng candle. 

As ordinary oombastibleB cannot bam in this gas, so 
aniinals cannot live in it. I hare told yon that there is a 
little of this gas in common aii ; it is so very little that it 
does no harm to ns and other animals. 

Gftrbonio gas is mach heavier than air. Ton can therefore 
pour it, like water, from one vessel into another. Of course 
the Teasel into which _. - 

fon poor it is full of 
iii. What becomes, 
then, of the air ? It 
rises and goes ont of 
the Teasel, just as oil 
would if you poared 
wtor into a vessel 
filled with oil 

Suppose, as in Fig. 
15, yon were to place 
for example a lighted 
taper in a jar, B, of 
common air, and yon poar carbonic gas from a jar. A, as yea 
Me there ; the gas will go down in the jar B, forcing ap the air, 
and whenit reaches the flame the light will be extingnished. 




32 



CHEMISTRY 



Fig. 16. 



In Fig. 16 is represented a very pretty experiment, show- 
ing that this gas is heavier than air. First, balance a jar 

with a weight. I say ha- 
lance ajar. Is that exactly 
correct ? Is there not some- 
thing in the jar? "No," 
yon will perhaps say, " it is 
empty." Bnt think a mo- 
ment. That jar is Ml of 
something, and that some- 
thing has weight. It is full 
of air. We have balanced, 
then, a jar fall of air. Now 
if, as represented, carbonic 
acid gas be poured into the 
jar on the scales, the jar will 
descend and the weight will 
rise. Why ? Because there is now a gas in the jar that 
is heavier than air. 

If you have a jar filled with this gas, you can take it out 
with a little bucket, as seen in Fig. 17. As you take one 
bucketful after another out, it can be poured away as water ; 
and air will take the place of the gas as fast as it is 
removed. 

If a soap-bubble fall into a jar of carbonic acid gas, it 
will not go to the bottom as it would if the jar were full of 
air. It will descend a little into the jar, and then ascend 
and remain in its open mouth. Why is this ? The air that 
is blown into the bubble is lighter than the gas in the jar, 
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and the bubble therefore floats on the gas as a boat on 
water. If the jar be only half Fig. 17, 

fnll of the gas, air filling there- 
fore the upper half, the bubble 
will stop when half way down. 

Another very entertaining ex- 
periment, showing that carbonic 
acid gas is heavier than air, can 
easily be made. Place four or 
five lighted candles in a row. If 
this gas is poured upon them, 
one after another will be put out. 
This gas has been used to put 
out fire. Some years ago a coal- 
mine in Scotland was on fire, and 
could not be extinguished by any 
common means. There was danger 
that a large amount of coal 
would be wasted if the fire continued. A Mr. Gurney made 
a quantity of carbonic acid gas in a part of the mine where 
it would sink down to the fire and put it out. 

As carbonic acid gas is so heavy it remains below air 
wherever it collects. Sometimes it is produced in wells, 
remainilig at the bottom. Suppose a man goes down into 
such a well ; he will have no difficulty at first, becatise the 
air is good ; that is, it has enough of oxygen in it and not 
too much of carbonic acid. But when he is near the bottom, 
where the carbonic acid gas has accumulated he gasps for 
breath and falls. Perhaps some one, not understanding the 
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cause of the trouble, goes down to relieve the man and he 
also falls senseleas. In this way many lives have been lost. 
Now how can we find out whether this gas has collected 
in a well? Let a hght down. If it goes out, the gas is 
there; if it burn dimly when near the bottom, there is 
enough of the gas to make descent dangerous. A very good 
plan is for the man who goes down a well to take a candle 
with hiui- He must hold the candle considerably below his 
mouth. If the light goes out or dimly burns he must atop 
at once, for another step may bring his mouth into the gas 
80 that it would enter into his lungs. 

Now when some of this gas is in a well or pit, how can 

it be made so safe that a man may go down? There are 

several expedients for this. One is to let down a backet 

frequently, turning it each time upside down in the 

air to let the gas fall out. This 

F'S- 18. ^jj2 remind you of the experiment 

represented in Fig. 17. 

But even this will not take all 
the gas out. Well, another expe- 
dient is to let down a bundle of 
burning straw or shavings. This 
causes an ascending current ; there- 
fore if the bundle be held to one 
side of the well, the heated gas 
will pass up that side, while cool 
good air will go down the other to 
take its place. The manner in 
which this operates can be illustrated by the experiment in 
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Fig. 18. In a jar of carbonic acid gas there is placed a 
flasl full of hot water, and corked. It rests on a pad, to 
keep it in its place at the side of the jar. This heats the 
gas all around it, and there is therefore an upward current 
on that side of the jar, while there is a downward current 
of cool good air at the other side. The two currents are 
indicated by the arrows. That the gas is driven out can be 
shown by letting a lighted taper down. If it has gone, the 
taper wiU burn as brightly as when outside. 

Another expedient is to throw lime mixed with water 
down the sides of the well. Observe how this operates. 
Ton remember that chalk is composed of carbonic acid 
and lime. Now there is carbonic acid in the well, and 
if you put lime there so that this gas can get at it, they 
combine and form chalk. This is the object of having a 
mixture of lime and water dripping down the sides of the 
weU. The gas unites with the lime, and so chalk is formed, 
and adheres to the stones. You can see that if dry lime 
were thrown down it would pass quickly through the gas, 
and lodge in the water where the gas could not get at it. 

There is always, as I have before told you, carbonic acid 
gas in the air, but it is mixed with nitrogen and oxygen. 
Why is it thus mixed ? As it is heavier than these gases, 
why does it not lie close to the earth with them above it, as 
water lies under oil when they are in the same vessel? 
It is because gases so readily mingle. The least motion 
causes them to do so, and you know that the air is always in 
motion. Even when it appears to be at rest there is motion, 
as you may see by motes floating in the sunbeams in a room. 
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The mingling or diffusion (as it is called) of gases is mncli 
the same as that of wine and water. In this respect they 
differ from oil and water. You may shake oil and water, 
and yet they do not mingle. The water, after the shaking 
is oyer, takes its place below the oil. Bnt water and spirits 
of wine shaken together, mix thoroughly and remain mixed. 
So with the gases that form air. 

If you pour aJeohd (this is commonly known by the name 
of spirits of wine) very carefully into a vessel partly filled 
with water, the water, which is heavier than the alcohol, 
will remain at the bottom. Just so carbonic acid gas, which 
is heavier than air, will remain very quietly at the bottom 
of a well. It is because air in the well is still. If the air 
and carbonic acid gas could be shaken, as alcohol and water 
can, they would mingle. 

See now what would happen if carbonic acid gas did not 
mingle with other gases in the air. Being heavier than 
they it would get below them as water gets below air. It 
would make a sea of gas, covering all the valleys and plains. 
You can tell what would be the consequence. No animal 
could live anywhere except on hills and mountains, for there 
only above the sea of carbonic acid gas could be found 
oxygen for breathing. 

There are places where carbonic gas collects in large 
quantities. One in Italy is called the Grotto del Cane, or 
Dog's Grotto. On the floor of this grotto or cave there 
is always a layer of carbonic gas. The layer is high enough 
to reach above the head of a dog, but not above the head of 
a man. A man living near shows the grotto to visitors, 
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and in doing so he takes a dog in, which of course falls 
down. He however qnickly brings him into the fresh air 
and with a dash of cold water revives him. The dog falls 
not merely for want of oxygen, but because the gas does 
him positive harm.* 

Where do you think the gas in this grotto comes from ? 
It comes from crevices in the rocks. It not uncommonly 
comes from such crevices — ^also from cracks in the earth, 
and sometimes bubbles through the water of springs in 
the neighbourhood of volcanoes. Why, then, does it collect 
in this grotto ? Because it is so shut in, that air does not 
circulate freely, and therefore gas remains on the floor of 
the cave. 

Persons are sometimes injured by charcoal being burnt 
in a close room, and even death is occasioned. It is the 
carbonic gas produced by a union of carbon in the charcoal 
with oxygen of the air that causes this. Hence you see 
charcoal never ought to be burned except in the open air, 
or in a room in which doors and windows are open, or in 
fireplaces where the chimney supplies a way by which 
the carbonic gas can escape. You see too what remedy to 
apply if any one be poisoned by gas from burning charcoal. 
It is to open doors and windows to let fresh air enter. 
Bemember that doors must be opened as well as windows, 
for air must come along the floor to drive out the gas. 

If a grown person and a child are in a room where charcoal 
is burned in an open furnace the child will be affected first, 

* To realise the difference between this gas and nitrogen, turn f 
what JB said about nitrogen on page 13. 
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because his mouth is so much nearer the floor than the 
•mouth of the adult. 

There is a considerable quantity of carbonic acid gas in 
bottled beer, porter, champagne, bottled cider, etc. It is 
this that makes the foam when the cork is drawn. Where 
is it before we draw the cork ? If you hold the bottle up to 
the light you see nothing but liquid. Gas however is 
there. It is imprisoned, as we may say, and when the 
cork is drawn it is set at liberty, and coming to the air 
it carries up some of the liquid making a froth. In what 
is commonly called soda-water there is no soda, it is water 
into which carbonic acid gas has been introduced by a 
forcing-pump. Sometimes however soda-water is made 
from two white, powders. One is dissolved in water in 
one tumbler, and the H)ther in water in another. Pouring 
these waters together there is an effervescence, which I 
will explain. One of the powders is a carbonate of soda ; 
that is, carbonic acid united with soda. The other powder 
is tartaric acid, which has a greater affinity for soda than 
carbonic acid had, just as in obtaining carbonic gas 
(page 28), hydrochloric acid has a greater af&nity than car- 
bonic acid for lime. The tartaric acid therefore takes the 
soda, and the carbonic gas being set free goes up so quickly 
through the water as to cause effervescence. 

Well, when we drink soda-water, beer, etc., we take some 
of this gas into the stomach ; but poisonous as it is when 
it goes into our lungs and is thfire brought into contact 
with the blood, it not only does no harm in the stomach but 
is refreshing, and in moderate quantities may do us good. 
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THE ATB, 

Air. I haye already told you much about air, but we will 
now more particularly consider its composition. 

The greatest part of the air is nitrogen, there being about 
four times as much of that as of oxygen. Of carbonic 
acid there is a very small proportion, as you may realise on 
looking at the figure, page 22. Although the proportion 
is small, yet the quantity of this gas in the whole of the air 
is great, for you must remember that the atmosphere is 
perhaps 45 or 50 miles high. It is icalculated that ip the 
atmosphere over every acre of land there are seven tons of 
carbonic acid gas. 

Continual additions are made to the carbonic gas in 
various ways. Every fire adds to it; for, as you read 
in Chapters V. and VL, the carbon in the burning of 
wood, coal, and other substances unites with the oxygen 
forming carbonic acid gas. 

Thus fire lessens the oxygen and at the same time adds 
to the carbonic acid. If a lighted candle be placed on a 
plate and covered with a glass jar it will burn brightly at 
first, because there is enough oxygen in the jar ; but soon 
it will burn dimly, and go out. The reason is that the 
carbon of the candle unites with the oxygen to form carbonic 
gas. If, as the candle is about to go out, you lift the jar, 
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Fig. 19. 



the flame will brighten again, becatise you let out carbonic 
acid gas which has fallen to the bottom of the jar, and fresh 
air comes in to supply oxygen. You remember what yon 
were told about a child and an adult. If you put two 
candles, one a long one and the other a short one, under the 
same jar the short one will be first extinguished. 

All fires then lessen the oxygen in the air, and add to 
the carbonic acid gas. 

Every animal too^ is breathing out carbonic gas. This 
you can prove by a simple experiment. Put into a glass 

some lime water. Breathe 
into this through a tube and, 
after a little time the lime 
water becomes milky. The 
reason is that the carbonic acid 
gas which came from your 
lungs united with the lime of 
the lime water, and formed 
carbonate of lime, or chalk. 
After a while the water will 
become clear, the chalk having 
settled at the bottom in a fine 
powder. This will remind you 
of an instance mentioned before, 
in which lime and carbonic acid 
were so introduced that they 
might unite. I refer to one of 
the expedients for removing the carbonic acid gas from a 
well. Try to recollect ; but if you cannot, turn to page 35. 
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The quantity of carbonic gas breathed ont in twenty-fonr 
honrs is considerable. It is calculated that a full-grown 
man breathes out in twenty-four hours more than two 
pounds of carbonic acid gas, and in this there is not less than 
half a pound of solid carbon or charcoal. He throws off 
therefore from his lungs, in the course of a year, nearly 
200 pounds of charcoal — considerably more than his weight. 

Ab all animals, from the elephant down to the smallest 
insect, breathe out carbonic gas, the supply of it to the air 
from this source must be great. 

Animals also take oxygen from the air with every 
breath. It becomes a part of their blood. You could not 
live if the blood did not constantly receive oxygen from the 
air as it passes through the lungs. Death is caused by 
drowning because oxygen cannot enter the blood. The 
water prevents it from doing so. You see then how proper 
it is to speak of oxygen, as I did on page 7, as the lung- 
food of the body. 

Now mark how the air which you breathe out differs from 
that which you breathe in. That which you breathe out 
has less oxygen and more carbonic acid gas. The nitrogen 
is not altered, for as much comes out as goes in. 

I will tell you a story of an emigrant ship called the 
Londonderry. The ship was crowded with emigrants, and 
many of them were on deck. There came on a storm, and 
the captain ordered all to go into the cabin. They were 
here very much crowded, and fresh air came to them only 
through an opening in the deck. As the waves broke over 
the vessel sea-water dashed down through this in great 
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quantities. The captain ordered that tarpaulin (that is a 
cloth through which neither water nor air can pass) should 
be nailed over the opening. The people below suffered 
dreadfully for want of fresh air. The poisonous carbonic acid 
gas increased every time each person breathed, and no pure 
air could get to them. They cried out in their distress, 
but the noise of the storm prevented their being heard. At 
length one of the emigrants succeeded in forcing a hole 
through the tarpaulin. He told the captain that the people 
were dying for want of air. The tarpaulin was taken up at 
once. Many were dead, and many were dying. The fresh 
air saved many, just as letting fresh air into the jar revived 
the expiring flame of the candle. 

The viceroy of Bengal, Surajah Dowlah, having taken 
Calcutta in June, 1756, thrust one hundred and forty-six 
English people into a loathsome dungeon known as the 
Black Hole, where in one night, as they could get but very 
little fresh air, the greater part of them died of suffocation. 

All animals then in breathing, and all fires in burning, 
add to the carbonic acid gas in the air and lessen the 
oxygen. What is there, then, to hinder the air from be- 
coming more and more loaded with carbonic acid gas, and less 
and less supplied with otygen ? Here now is a wonderful and 
beautiful provision of our Creator. He has provided means 
for constantly taking carbonic acid gas from the air, and of 
supplying fresh oxygen. Were it not so, all animals would 
die, and all fires would go out. And what, think you, are 
the agents that God has appointed to do this work ? They 
are the leaves; the leaves actually breathe, but their 
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breathing is different from that of lungs. You can see 
animals that are not small breathe — you can see their 
chests more ; but in the yery largest leaves you never see 
any motion as in breathing. But even a greater difference 
is in this. While the lungs of animals give out carbonic 
acid gaSy the leaves of plants take it in ; and retaining the 
carbon they give out the oxygen. Every leaf that you 
see gleaming in the sun is busy pouring out into the air 
oxygen from aU its little pores, or, as we may call them— 
breathing mouths, and at the same time keeping carbonic 
acid gas. 

I have told you what becomes of the oxygen absorbed 
by blood in the lungs, page 7; but what becomes of the 
carbonic acid gas which the leaves absorb ? This furnishes 
carbon for the growth of the plant. You learned in 
Chapter V. that carbon is a chief ingredient of wood. Now 
a very large part of this carbon is, under the influence of sun^ 
light, taken in as gas by the pores, or little mouths on the 
leaves. These are spread like nets and extract the carbon 
from the carbonic acid gas, and it is carried to all parts of 
the plant. Whenever you look at a large tree, think how a 
great part of that solid trunk once moved in the air, and 
was caught by millions upon millions of little mouths in 
thousands upon thousands of outspread leaves. Think, too, 
perhaps some of that hard wood was once in the soft breath 
coming from your lungs. Even the insect that hums among 
its leaves may have furnished a little of the carbon which 
now forms the solid tree. 

That which you breathe out may go to leaves far and 
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near. Suppose it went to the leayes of one tree alone, how 
much carbon do you think your lungs would give to the 
tree in a year ? More than the weight of your whole body, 
and that would be enough to make quite a large branch. 

You see, then, there is everywhere an exchange going on 
between leaves and lungs ; lungs give carbon to leaves, and 
keep oxygen themselves. But how is this in winter, when 
there are no leaves except upon evergreens? Do these 
leaves take up all the carbon that is then breathed out? 
No ! they are not numerous enough to do this. Does 
carbonic acid gas then increase in the air, and oxygen 
lessen ? Not at all. It is as in summer when leaves are 
alive and breathing. I will tell you how this can be. You 
remember I told you, page 36, that gases readily mix 
with each other, especially when shaken. Now every motion 
of air, every gust of wind, shakes the gases that compose 
the air, and scatters the carbonic acid gas. This gas there- 
fore, we may say, flies on the wings of the wind, and 
breathed out in one place may thus find its way to many 
places, not merely miles but thousands of miles distant. 
That which is breathed out at the north in the winter may 
thus go to the south to be breathed in by leaves there, and 
the sunny southern climes send oxygen for the lungs of those 
who dwell in the north. 

The oxygen and carbonic acid gas in the air are continu- 
ally changing. Oxygen is constantly being used by animals, 
and by uniting with substances burning. At the same time, 
fresh oxygen is poured forth from the leaves of all plants 
into the air; so also the carbonic acid gas is continually 
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changing, being absorbed by leaves, while new carbonic acid 
gas is supplied from animals, fires, etc. 

These changes seem great and very varied, as well as 
extensive ; it is nevertheless true and very remarkable, that 
in the midst of all such changes and chances the air in all 
parts of the earth has always the same exact proportions of 
these gases. If a gallon of air from Europe, and another 
from Asia, and another from Africa were examined by a 
chemist, he would find that each of them had the same 
amount of nitrogen, oxygen, and carbonic acid gas that 
a gallon of English air has. How wonderful this is ! In 
these exchanges which are going on between leaves on the 
one hand, and lungs, fires, etc., on the other, how is this 
balance so nicely kept ? Men do not know ; but the Creator 
understands it, and He has all power, and secures regularity 
and suitability, even in so changing a thing as air. 

But you may be thinking what I have just said about air 
is true only of that which is out of doors, free to go " where 
it listeth." When it is shut up the proportions of its 
ingredients may be very much changed. Suppose there are 
many persons crowded into a small closed room ; they are 
using the oxygen and pouring out carbonic gas. Suppose a 
little fresh air gets in at cracks and loose places about the 
windows and doors ; this is not enough to prevent the air 
in the room from losing oxygen, and becoming loaded with 
carbonic gas. After a while the candles burn dimly, and 
the people complain of headaches, dullness and drowsiness. 
A gallon of air taken from this room at such a time would 
be very different from a gallon taken from the air outside. . 
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It wonld haye just as mncli nitrogen in it, but mncli less 
of the life-giying oxygen, and mnch more of the poisonous 
carbonic acid gas. 

You can easily take air from the room, and examine it by 
any of the experiments named on pages 32 and 33. Sup- 
pose a common glass bottle be filled with water, if the 
water be emptied in that part of the room from which you 
wish to take the air, then the air will enter the bottle. 

You know what I told you on page 35 about lime-water. 
If you put a little lime-water into the bottle and shake it, 
then pour it into a tumbler glass, you would soon see how 
much white powder settled down. All this comes from the 
carbonic acid gas in the air of the room. 

Think now what happens when the doors of such a room 
are opened and people go out. The carbonic acid gas 
becomes diffused far and wide, to be taken in by the mouths 
or pores of leaves, and fresh air supplies its place. 

Great harm is done to the health by breathing air so 
loaded with carbonic acid gas. It may not be felt at the 
time ; but if such air be often breathed, a little harm done 
'each time will soon produce yery serious results. 

A few persons were quickly killed on the Londonderry, 
and in the Black Hole at Calcutta; but many are killed 
eyery year by breathing bad air in rooms, and yet they do 
not know it, because it is done so slowly. 



CHAPTER VIII. 



HYBBOGEN. 



Hydbogen. Water is composed of oxygen and hydrogen. 
Of oxygen you have learned much in a previous chapter. 
Hydrogen is the lightest of all substances; a metal called 
platinum is generally called the heaviest (see pages 87 
and 99). If a very small shot were a bulk of platinum, 
a very large cannon ball would show the bulk of an equal 
weight of hydrogen. If a bullet represents air, then fifteen 
bullets would represent the bulk of an equal weight of 
hydrogen. A balloon, therefore, filled with hydrogen goes 
up very swiftly in the air. 

In every nine pounds of water there are eight of oxygen 
and only one of hydrogen. But as oxygen is sixteen 
times as heavy as hydrogen, the bulk of the hydrogen 
in any portion of water is twice as great as that of the 
oxygen. 

Hydrogen burns with a faint flame, giving little light, but 
very great heat. How strange that oxygen, by which other 
things are made to burn, and hydrogen, a gas that does 
bum, united together form a liquid that puts out fire I 

But what will seem stranger still is that when hydrogen 
is burned in oxygen water is formed. In burning, the 
oxygen and hydrogen combine, Not an atom of either is lost, 
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just as none of the carbon and oxygen are lost when carbon 
is burned in oxygen ; the atoms merely go into a new con- 
dition, uniting to form a liquid. In doing this, the bulk of 
both is made much smaller. What we call steam or raponr 
is first formed ; as this cools, dew appears in little drops ; 
these drops mix and then water, as we usually see it, begins 
to gather. 

If hydrogen be burned in air, it combines with the oxygen 
and forms water. It will have nothing to do with the 
nitrogen which is in the air but lets that alone, taking the 
oxygen only. There are many ways in which you can see 
that water is formed by the burning of hydrogen in air. 
Fig. 20 0i^6 is represented in. Fig. 20. 

This figure you have seen before, 
in the first chapter, page 2, and 
the experiment was then partly 
explained. You are now prepared 
to understand a fuller explanation. 
Carbon and hydrogen are combined 
in the tallow or gas. Yes ; this 
lightest of all gases helps to form a solid substance. As melted 
tallow goes up the wick, air brings oxygen to it all around, and 
heat makes this oxygen unite with both carbon and hydro- 
gen in the tallow or gas. If under a jar placed as the jar or 
receiver marked h is, in Fig. 22, a lighted candle be placed, 
then by the oxygen uniting with carbon, carbonic acid 
gas is formed. This being colourless and transparent, you 
do not see it. But it is in the jar. Uniting with hydrogen, 
oxygen forms water. This goes up in vapour with the 
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carbonic acid gas, and so also yoa do not gee that. But the 
inside of the glass being cool, this vaponr soon ooUects on 
it. The glass therefore becomes dim, and after a little 
time there is enough water to form drops and trickle dovm 
into the plate. 

In Fig. 21 yon have another experiment. Here hydrogen 
alone is burned without carbon. For making hydrogen, the 
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bottle that yon see contains materials, of which I will tell 
yoa soon. The Same of the hydrogen passes into the 
receiver or jar a. The vaponr then formed by the union 
of the hydrogen with the oxygen of the air is condensed in 
drops inside that glass vessel and trickles down on the 
plate. 

If yon take a piece of polished metal, as a spoon or knife- 
blade, and hold it for a few seconds over a candle 01^ 
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Fig. 22. 



small gaa flame, it irill be dimmed by the vapour formed 
as you have been told on p. 2. Where gas-lights are 
burning inside rooms, water formed in this 
manner trickles down the window-panes. K h, 
in Fig. 22, be considered as a room then water 
caused by the flame will soon form on the 

glass. 

You see how readily oxygen combines with 
hydrogen. And you may remember that, in a 
previous chapter, I told you that the oxygen 
and nitrogen in air would not combine however 
much they were heated and shaken together ; 
nothing but electricity, as in lightning, can 
make them unite. One reason for this differ- 
ence may be if oxygen and nitrogen in air 
easily united very bad effects would be experienced as I 
told you in Chapter III. But when oxygen combines with 
hydrogen the result is water, and that we want in abun- 
dance. We want it in air and elsewhere, for dry air would 
be not only uncomfortable, bnt very injurious to us. It is 
water in air in the form of unseen vapour, that helps to 
make the air so soft and pleasant. But if much of nitric 
acid and other chemical compounds of oxygen and nitrogen 
were in air every living thing would be destroyed. 

I will now tell you how hydrogen is obtained. Into a 
retort or bottle some bits of zinc, some water, and a little 
sulphuric acid, commonly called oil of vitriol, are put. Here 
the oxygen of the water combines with the zinc, forming 
oxide of zinc, which as soon as formed combines with the 
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Fig. 23. 



snlplmric acid, the result of the combination being what 

is called sulphate of zinc, and thus the hydrogen of the 

water is set free. This rises and passes out of the vessel, 

carrying the air that is in^ the vessel along 

with it ; and soon, when all the air is driven 

out, the gas comes out alone. In Fig. 23 is 

represented what is called the " philosopher's 

candle.'' Zinc, water, and sulphuric acid are 

in the bottle, in which is fitted a cork having 

a tube in it. The gas issuing from the tube 

can be lighted, just as illuminating gas issuing 

from a gas-burner. There is great caution 

required in thus making this gas, for a mixture 

of it with common air explodes like gunpowder. 

If therefore, you should hold a light to the 

tube before all the air is driven out there 

might be an explosion, and the bottle broken into many 

pieces. 

Bemember it is hydrogen alone that is produced* In 
bright daylight you may not even see the flame, because it 
is so faint. A pale blue flame, having small illuminating 
power, but great heating power, is a characteristic of 
hydrogen. If you introduce a piece of fine wire it will soon 
glow, and thus you can know how very much heat is pro- 
duced by the burning of hydrogen ; and you may hence 
infer that there may be great heat where there is little 
light (see page 57). 

One way in which hydrogen is obtained shows how rapidly 
oxygen combines with iron. The apparatus is represented 
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IB Fig. 24. Yoa Bee a furnace with an iron pipe rnnning 
through it like a gnn-barrel. In this pipe are pnt fine 
scrapings of iron or bits of needles. At one end of this pipe 
IB another pipe from a flask or retort containing vater, and 

Fig. 2i. 




the water is heated by a gas flame or spirit-lamp. As the 
water boils, Bteam passes through the iron pipe in the 
farnace. Now steam is water bnt very finely divided. As it 
passes through the red-hot pipe among the scrapings of 
iron or bits of needles, the oxygen of the water is induced 
by the heat to combine with the iron, and form an oxide of 
iron or rnat. It parts company therefore with the hydrogen 
of the water, and so the hydrogen goes out alone through 
the other end of the pipe. It can be seen passing into 
the glass jar in the pneumatic cistern. 

Ton remember what was said abont pouring carbonic acid 
gas downward. Yon cannot do this with hydrogen. It is 
BO light that, the moment it escapes from a vessel, it passes 
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directly and qnickly upward, A jar of carbonic acid gas 
may stand, and the gas will not go out; but if yon set 
down a jar of hydrogen gas with its month upward, the 
gas will at once pass ont, air coming in to take its place. 
If yon pour hydrogen gas from one jar into another, hold 

Fig. 25. 




them in the manner represented in Fig. 25, the npper jar 
being the one which is to receive the gas. 

I will make some comparisons between liqnids and gases 
in these respects. If a glass filled with the liquid metal, 
mercnry, is set in a jar, and water poured in, the mercury 
wonld remain in the glass, for the same reason that 
carbonic gas does not rise out of the vessel in which it is 
when left to stand in the air. As carbonic acid gas is heavier - 
than air, so mercnry is heavier than water. But if oil take 
the place of mercury, then the oil will rise out of the glass 
and water will enter, as hydrogen gas goes up ont of a glass 
set down in air, air taking its place. As hydrogen then will 
stay in a jar held in air with its month downward, so oil 
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will stay in s jar immened in water with its month down- 
ward. 

The nuumer in which hydrogen bnma, differs according to 
the wa^ in which the jar is held. If held with the mouth 




Qpward, the gas, rapidly rising as it bums, bnretB with a 
large flame, as seen in Fig. 26, and nnder eome circnm- 
stances attended with a sharp report. But if held with the 
month downward, the gas bams very qnietly, isBoing slowly 
from the month, as seen in Fig. 27. The gas does not come 
out freely, because, being lighter than air, it tends upwards 
and not downwards. As hydrogen is so light, it has a very 
curious effect upon sounds. If what is called the sc|neaking 
•toy is made to utter its voice in a jar of hydrogen the 
sound is very different to the squeak made in the common 
uir. Musical sounds can be made by burning this gas in a 
glass tube, as represented in Fig. 28. These sounds vary 
with tho size and length of the tube. They vary also as 
you raise or lower the tube. Great amusement may be 
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Fig. 28. 



afforded by the variety of sounds which can thus be pro* 
duced. 

Hydrogen, when burning, gives a 
faint light ; but the gas that we burn 
in our houses is very bright, and yet 
it is partly hydrogen. The reason it 
gives so bright a light is that carbon 
or charcoal is united with the hy- 
drogen. On this account it is called 
by chemists earhuretted hydrogen. 
Watch the flame from a gas-burner, 
and you will see little bright points 
all the time sparkling upward. These 
are occasioned by the burning of mi- 
nute particles of carbon. 

The oxygen of the air, as in the 
case of a candle, unites with both the 
carbon and hydrogen, forming, with 
carbon, carbonic acid gas, and with 
hydrogen, water. And if a glass jar be held over the burner, 
watery vapour will condense on the inside, as in the case of 
a candle (see page 3). 

Whep gas escapes without burning, there is a very dis- 
agreeable smell ; but when burned you do not smell it at all. 
Why ? Because the oxygen of the air unites with it, forming 
water and carbonic acid gas, and neither of these have any 
smell. The smell of gas warns us of danger. If it had no 
smell, we might take a light into some place where there is 
a great deal of it, an explosion would be the consequence, 
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and grectt harm might be done, and perhaps lives lost. Now 
when there is a leak we smell the gas, and having opened all 
the doors and windows, we must leave them open for Bome 
time before going in with a light, in order that the gas may 
be so thoroughly mixed with air as to be non-explosive. 



CHAPTER IX. ^ 

C0MBT7STI0N. 

What is nsnally called combustion attends, as you have seen, 
the combining of oxygen with other substances, as the solid, 
earbony or the gas, hydrogen. Thus, when we have com- 
bustion of charcoal, oxygen combines with the charcoal; 
when hydrogen bums, oxygen combines with the hydrogen ; 
and when iron bums, as you have seen it in a jar of oxygeif 
gas, oxygen unites with the iron. 

But we commonly use the term cornimstion only when 
there are heat and lighi, and yet the union of oxygen with 
other substances often occurs without producing any light. 
This is when the union takes place slowly. Thus, when iron 
msts, oxygen of the air unites with it, but so slowly that 
no Ught is given out ; there is heat, but so little that it 
cannot be detected by the sense of touch, because the union 
is so slow. It is, in fact, a very slow fire. Now this same 
combination takes place when iron or steel burns in oxygen ; 
then we have both heat and lights because of the union being 
qnickly effected. In both cases it is really combustion. 
In the one case it is quick, and in the other it is slow. 
When, then, an iron fence is painted, it is really kept from 
being burnt. Because the paint keeps the oxygen of the air 
from the iron. 

Now you can understand how water puts out fire. It 
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shuts out the oxygen of the air from the burning substance 
It does the same that paint does to iron. Perhaps you say 
there is plenty of oxygen in water, as it is composed of 
oxygen and hydrogen, and throwing water on fire is there- 
fore giving it oxygen. Not at all. Oxygen is not in water 
05 oxygen,; it has formed a neu? substance with hydrogen, 
and the hydrogen in this new substance holds the oxygen, 
so that the fire cannot get a particle of it. 

But this is not all. There is another way in which water 
operates in putting out fire. It takes from the burning sub- 
stance the heat which is needed to continue the fire. This 
teat is spent in turning the water into vapour or steam. 

When you put out a fire by smothering, you do it in the 
first of the ways in which I have said that water operates ; 
the oxygen of the air is shut out, and the burning stops 
merely from want of oxygen. So, if a person's clothes take 
fire, wrap around at once whatever is at hand — a coat, a rug, 
or any thing — and thus shut out the oxygen of the air. An 
extinguisher put over a candle puts out the light by keeping 
oxygen from it. 

Perhaps you may say, people that bum wood cover up fire 
to keep it ; and why does not shutting out of the oxygen of 
the air put out the fire in this case ? Simply because all 
the air is not shut out ; if it were, the fire would not con- 
tinue. The continuance of the fire depends on letting a 
very small supply of air through the ashes, so that there 
may be a dow burning. 

As combustion results from a union of oxygen with the 
burning substance, the more freely the oxygen is brought 
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the brighter will be the fire. When yon blow a fire with 
bellows, yon bring the oxygen of the air faster than it wonld 
come withont the blowing. The coals, perhaps, are jnst 
glimmering — kept alive, as we say, that is, Icefi on fire — by 
the litde oxygen that is in the still air abont them. Yon 
blow, and bring more air, and therefore oxygen to them, so 
they brighten at once. If yon conld blow nUrogen, or 
carbonic gas, they would be put out, for so the oxygen of the 
air would be kept from them. You will learn more of flames 
from candles and gas in the next chapter. 

A lighted candle is a fire ; oxygen keeps it burning ; the 
more oxygen, therefore, that is supplied, the brighter should 
it bum. Why, then, is it that you blow a candle to put it 
out ? A boy once supposed that he had given a sufficient 
explanation in saying that the breath knocks the flame over. 
The true explanation is this. A certain amount of heat is 
needed to keep up the burning. Now air may be thrown 
80 rapidly against the candle as to carry ofif so much heat as 
to stop the combustion ; just as the action of a fan carries 
off heat from your face. In blowing a freshly lighted fire, 
we have to be careful, or we may blow away too much heat 
from the coals. 

There are contrivances for so carefully adjusting the 
supply of air or pure oxygen that a flame may give out 
more heat. 

In some of the gas-burners that scientific people use there 
is a tap to regulate the supply of air, not very unlike the 
one that regulates the supply of gas. 
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In Fig. 29 yon Bee hov air contained in the mouth may he 
forced along a tnhe with a very small orifice at the lower end, 
and directed so as to bend the flame of a lamp or candle as 
shown in the fignre. If yon try to do thisj remember it 
must be air and not breath that is directed on the flame. 
Breath, as yon know, is air which has left mnch of its 
oxygen in the Inngs, and the oxygen of the air is what the 
flame requires. The tube down which the man is blowing is 
called a blowpipe. 

Fig. 29. 




If yon examine Fig, 30j you may see why the boat ia 
much increased. The end of the blowpipe enters the hollow 
part of the flame, and therefore oxygen is supplied where 
under the ordinary process of combustion none could have 
access. Hence more of the carbon is burnt than would 
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otherwise be the case, and between (b) and (c) in the fignre 
there are many atoma of carbon bnrning, so, as a con- 




seqnence, there is great heat. Very small pieces of metal, 
snch as gold and silver, can be readily melted here. 

In Fig. 31 yon haye a ^. gj 

picture of one of the con- 
triTances the chemist naes 
tor supplying pnre oxy- 
gen to a flame. A store of 
oxygen is contained in the 
large tin or copper Yessel 
on the left-hand side of 
the figure. Then by means 
of a gas tap at (m), and 
a email jet at (n), the j 
chenuBt can direct the 
oxygen upon the flame and 

turn it as at (c). The beat thus obtained is greater than 
that from the simple blowpipe as shown at Fig. 29. 

There are also contrivftnces for making lights bum 
brightly. One of these is a glass obimney. See bow it 
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operates. The heated air and yaponr from the light are 
confined in the chimney, instead of spreading around ; they 
therefore pass very rapidly through the chimney, and so 
cause a draught. This draws air from below, and of course 
oxygen comes more quickly to the light. Hold your hand 
over the chimney, and you will feel a current of heated air 
and vapour striking it. Be careful not to put your hand too 
near. This current spreads as soon as it escapes from the 
chimney, so that, at a distance above the chimney, the hand 
feels only a small part of the current, and that is cooled. 

Another contrivance is to have the wick jlat instead of 
round, like a piece of cord. Such a wick presents a larger 
surface to the air than a round one, and therefore more 
oxygen can reach it. Some wicks are circular^ air being 
admitted to the inside as well as the outside of the circle. 
A very bright light is obtained in this way. Observe now 
how we light a fire. We do so by putting something blazing 
to the combustible substance. Thus we set fire to wood by 
blazing paper or shavings, and, as we open a gas-burner, we 
apply a blazing match, and so set fire to the gas. But think 
a moment what causes the match to light. Eubbing, you 
will say. But how ? Friction causes heat enough to combine 
the oxygen with the phosphorus very rapidly, thus making 
light as well as heat. You see, then, heat causes what we call 
fire. Now why is it some substances take fire more readily 
than others? Why, for example, does a match with phos- 
phorus on its end take fire by friction, while one dipped in 
sulphur will not ? It is because phosphorus has what you 
may call a greater liking,, or, as chemists call it, affinity, for 
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oxygen than sulphur, and therefore less heat causes them to 
combine. So charcoal has an affinity for oxygen, but not so 
great as to cause them to combine by rubbing the charcoal. 
Phosphorus has a greater affinity for oxygen than any 
snbstance I have yet told you about ; it therefore takes fire 
80 easily that you must be very careful in handling it. In 
another chapter I shall tell you about a substance, a metal, 
which has so great affinity for oxygen that, if you put it 
on water, it will steal the oxygen from the hydrogen of 
the water, uniting with it so quickly that it ignites the 
hydrogen. 

Some substances cannot be burned. Gold is one of them. 
Iron, you have seen, can be burned ; that is, it can be made 
to combine with oxygen ; but you may expose gold to a very 
hot fire, and it will only melt. It will not burn. It has only 
a very slight affinity for oxygen. And what is true of these 
two metals in regard to quick combustion is also true of them 
in regard to that slow combustion I spoke of in the first part 
of this chapter. Gk)ld in^fveT rusts in the air; that is, it 
does not bum* as iron does. Hence, outside work which is 
gUt, that is, covered with real gold leaf (not that leaf called 
dutch metal, which looks very like gold leaf) never rusts or 
tarnishes in the air. 

* A statement has been published with reference to the fire at Chicago, 
giving resulte of the yarious degrees of damage done to ledgers and business 
books, &c., which were locked up in iron safes. Some of the papers considered 
best and strongest suffered most, but aU the books with gUi edges were, 
when opened, in a perfect state compared to the others ; and the question arises, 
whether it would not be policy to gild the edges of business ledgers, &c., &c., 
of importance. 



CHAPTER X. 

GAS-KAXOra ASD GAS-BXJSVIHa. 

Caudles and lamps are gas fiictories. 

Both carbon and hydrogen are in tallow, united as a 
solid compound ; bnt, as the candle bnms, this solid becomes 
by heat a liquid. . See what a cnp of melted tallow we have 
there. It is cnrions to observe how this cnp is formed, and 
kept so, all the time the candle is burning. The heat of the 
burning wick melts the tallow ; that nearest the wick is of 
course melted first ; thus is kept a raised edge all round. 
If the wick be bent to one side, an edge may be melted, and 
so tallow flows out of the cup and down the candle. 

But liquid tallow at the bottom of the wick must go up 
the wick and be burned. How is this ? It goes up because 
there is what is called an attraction between the wick and 
the liquid, and therefore particles of the liquid go among 
the fibres of the wick. This kind of attraction is com- 
monly called capiUa/ry attraction, because it was first 
observed on putting the ends of very small tubes in water. 
The smaller the tube the higher the liquid was observed to 
go up in it. Small tubes were called capillary tubes because 
the duct or bore in them was as fine as a hair, eapiUa being 
the Latin word for hair. 

Liquid tallow coming to the lower part of the fiame is 
changed by heat into a gas, the burning of this gas makes 
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flame. What is this gas ? It is hydrogen gas charged with 
carbon — very much the same gas with that which comes out 
of a gas-pipe. 

The flame of a candle is a curious thing. It is not really 
all flame ; part of it is gas, which is not burning. If you 
look carefully at the flame when the air is still, you will see 
that it is hollow, like a shell. Now the space inside of 
this shell is fiUed with gas which is not yet on fire ; this 
looks dark, as you see it through the bright shell of flame. 

You can prove that this dark inner part is gas by very 
pretty experiments. Here is one. Take a small glass tube, 
and put one end of it in the very middle of the flame — in 
the dark part. Some of the unburnt gas will pass off through 
the tube, and you can set it on fire as it issues at the other 
end. A candle, you perceive, then, is a gas factory; and gas 
can be taken from it in pipes^ as from large gas factories. 

Thrust a match directly into this inner dark part of the 
flame of a candle quickly, and the end which is in this dark 
part will not take fire, but only the wood a little way from 
it, in the burning part of the flame ; so, also, if you hold a 
little splinter of wood directly across the flame, so that it 
shall run through the dark part, there will be a little in the 
middle that is not burned, while each side of the splinter 
will take fire. Or take half a sheet of good glazed note 
paper and depress it on the flame in the manner shown with 
gauze in Fig, 32. If now you are expert, you may raise the 
paper and find a ring singed upon it, but the interior will 
not be discoloured, Thus it is shown that not only is flame 
hollow but no great heat is there. 
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Fig. 82. 



li 70a take a piece of fine wire gauze, and place it over a 
candle as in Fig. 32, yon will be able to 
see the inside of tbe hollow dark space. 
The flame cannot pass through the 
gauze for reasons yon can hereafter 
learn. 

That it does not pass through, 

you may ascertain for yourself by 

making the experiment in Fig. 33. 

Let a stream of gas issue from a 

gas-burner; hold the piece of wire 

ganze in the issuing stream, then on 

applying a lighted taper above it the 

flame will appear as in the figure. 

This property of flame not passing 

through the cool wire gauze has been 

made of great ralue by a contrivance of Sir Humphry 

Davy. You will hereafter learn that in mining for coal, 

certain dangerous, because explosive, 

gases are occasionally met with. Now, 

if the miners used an open, or naked, 

light a very serious explosion might 

happen. Sir H. Davy considered that 

ffl if the flame were carefoUy enclosed 

CBf within gauze the accident would be 

ll averted; he designed the lamp of 

which Fig. 34 is a drawing, and Fig. 35 

shows the inside arrangements for the oU, wick, etc. Lamps 

of this kind are now generally used in coal-mines. 
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There &re really three parts in flame, bs repreaented i 
Fig. 84. Fig. 35. 





Pig. 36, the burning shell being composed of two parts. 

The outer part of the shell {b c d), is not as p. g 

bright as the inner part (e f g). As the gas (a) . 

risefl from the melted and decomposed tallow, ; ^ 

some passes into the shell (e f g), where hydrogen |p. . 

bnms very briskly, and renders the fine particles i; , -i 

of carbon incandescent, or sets them aglow. It d. ftu. '■ 

IB these particles, thns glowing and beginning to ;' wk'^i 

bom, that make that part of the flame so bright. ' wjf 

As they pass into the outer part of the flame icT 

(b e d), their burning is finished by a perfect I ,,|]|||i 

union with oxygen, forming carbonic acid. In ! ',''' 
making this union they are not as bright as when 
the hydrogen first sets them aglow. 
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Similar particles of carbon give brightness to the flame of 
illuminating gas, as already stated on page 55. We have 
the same thing in the flame of burning fluid, the fluid being 
a mixture of alcohol and turpentine. Alcohol burns with a 
pale flame, as you may see in spirit lamps; it does so 
because there is not much carbon in it. But add to it 
turpentine, and then you have a bright light, because there 
is a larger proportion of carbon in turpentine. 

Gas supplied to towns is made generally from coal. You 
can make gas in a very simple way, with a tobacco-pipe. 
The bowl of the pipe is filled with pieces of coal about 
the size of small peas, and closed tight with a layer of clay. 
The bowl of the pipe is then placed in the fire. In a short 
time a smoke issues from the stem of the pipe ; and if you 
set fire to it a light will be produced. 

Thus gas is made at gas-works. Large iron or clay 
yessels, called retorts, are inclosed in furnaces. Into these 
retorts coal is put, and heat drives off the gas. It is impure 
as it comes off, and must therefore be purified before dis- 
tributing it in pipes. When it comes, therefore, to us, it is 
clear, and not like that which comes out of the tobacco-pipe. 

I have spoken of explosions taking place with the gases. 
Now what is such an explosion ? What takes place ? If we 
mix together oxygen and hydrogen, and apply to the mixture 
a light, there is. an explosion. The hydrogen burns ai once 
in the oxygen, and, by the burning, water is formed, just as 
when hydrogen is quietly burned as it comes out of a pipe. 

Mixtures of oxygen and hydrogen may be safely exploded 
in many ways : I will mention one. 
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Introduce into a etroDg Boda-water bottle, by means of 
the pneumatic-trough (see page 9), hydrogen euoagh to 
occupy two-thirds of the bottle ; let in now oxygen enough 
b fill it; cork the bottle, and take it out of the cistern. 
Wmf a thick towd around it, and, holding it in yoor hand, 
draw the cork, and apply at light to the mouth of the bottle. 
A load explosion occurs, and water, formed by the union of 
the gases, bedews the inside. A towel is used so that, if 
the bottle should happen to break, the broken glass cannot 
cnt the hand. 

If a small stream of oxygen and one of hydrogen bum 
together intense heat is produced. In Fig. 37 you see 



Fig. 37. 




represented an arrangement for burning these two gases 
together. Oxygen is in the bag, with the hand pressing 
upon it to make the gas pass out through the pipe. The end 
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of the pipe is brought doee to the flame of the hydrogen, 
which comes np from a bottle yon see below. Instead of 
hydrogen the ordinary gas supplied to houses may be used. 

The chemist commonly has two bags, or strong metal 
bottles, containing the gases. From these, two tubes pass, 
which join in one jet. Such an arrangement is called an 
oiy-hydrogen blow-pipe. 

K yon hold a piece of small copper wire in the jet of these 
two gases, it will bnm with a beantifol green flame. If yon 
nse iron wire, bright sparks fly merrily. In neither case is 
oxygen or hydrogen lost; oxygen unites in this intense 
heat with hydrogen to form water, and with metals to form 
oxides. Iron rust, or oxide of iron, is formed with the iron, 
and oxide of copper with the copper. Platinum, the heavy 
metal mentioned in the beginning of Chapter Yin., cannot 
be melted in the hottest furnace, but it can be in the flame 
of oxygen and hydrogen. 

You may have heard of the Drummond light, made by 
causing the oxy-hydrogen flame to strike against a piece of 
lime. The light produced has the dazzling brightness of 
the sun, and receives its name from its discoverer, Lieutenant 
Drummond, of the English navy. It is of great nse for many 
purposes, and can be seen far at sea, and is therefore used 
very much for signals at night. 



CHAPTER XI. 



STBIKING FntE. 



Pesihaps you have seen fire stmck by nails in the heel of 
the shoe as they hit a stone. Ton see the spark, and are 
satisfied with saying of the phenomenon that, ^' It is striking 
fire !" as it is expressed. 

But what is the spark? It is something more than a 
mere show of light; it is a burning substance. What is 
this substance ? It is steel or iron from a nail in the heel, 
which is knocked off as the heel strikes the stone, and 
the blow causes heat enough to make the very little bit 
red hot. 

The spark, then, is a particle of burning iron. But 
how does iron burn ? Precisely as steel burned in the jar of 
oxygen in the experiment noticed on page 12. There is 
oxygen in the air, and a blow of the heel upon the stone 
makes the bit of iron so hot as to cause the oxygen of the 
air to unite with it at once. They unite so quickly as to 
light up, and so the mite of iron flies off as a bright spark. 

The spark falls and goes out. It is so small that you 
camiot find it. But what is it now ? Is it iron ? No ! for 
it has been burned. And what is it to burn iron ? It is to 
make oxygen unite with it. The fallen spark, then, is not 
iron, but iron and oxygen united ; that is, oxide of iron. 
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Suppose that the air were all oxygen, instead of oxygen 
and nitrogen mixed, striking fire would not end in a little 
spark; there would be a shower of sparks. And then, 
too, the nail itself would bum like the steel wire in the jar 
of oxygen (see page 12). Indeed, the fire, fed by oxygen, 
might burn the shoe, and your clothes, and your flesh, unless 
water were applied. 

Although the particles of iron are thus cooled, because 
there is not enough oxygen to keep them glowing, yet there 
are particles of other substances not so readily extinguished. 
For example, the lucifer matches, by which we now so 
commonly obtain a light. A much less seyere blow or 
friction than that of which we have been writing can ignite 
the ends of these matches, as well as the dry wood of which 
they are made, and which has been prepared by chemical 
means for ready ignition. 

The invention of matches, by which we can produce a 
light, has put aside tinder-boxes. About forty or fifty years 
ago there were no lucifer matches. Persons then obtained 
a light with an apparatus called a tinder-box. This was 
a tin box with some tinder in it. The tinder consisted 
of partially burned rags; there were also a piece of flint 
and a steel. The person whp required the light struck 
the flint upon the steel, and, as you were told in the be- 
ginning of this chapter, the minute pieces of steel ignited 
as they were struck off. These glowing bits fell upon 
the tinder and caused in it a smouldering creeping fire. 
Small matches having the ends tipped with sulphur were 
applied to these smouldering embers, and by means of 
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the sulphur ends the matches ignited, and so a light was 
obtained. 

The method which Indians formerly adopted for obtaining 
fire was more laborious than that of the tinder-box. They 
sharpened a piece of hard wood to a point, and very rapidly 
turned this, after the manner of a drill, against a soft piece of 
wood, having some light chips around. Practice enabled them 
to move the pointed stick with sufficient rapidity to set fire 
to the chips. Any one can make two sticks warm by rubbing 
them together ; but to make them hot enough to set any 
thing on fire is a different matter. The Indian, therefore, 
must have thought the tinder-box a wonderful invention. 

In these cases fire is produced by the oxygen of the air 
uniting with the wood of the Indian, with the steel of the 
tinder apparatus, and with the phosphorus of the lucifer 
match ; it is heat in each case that causes the union. The 
match takes fire easiest, because little heat is required to 
make phosphorus unite with oxygen. You can produce 
enough heat for this by slight rubbing. It is supposed by 
some that many of our fires are occasioned by phosphorus 
matches carelessly left about. A cat or a mouse might 
knock them off a shelf ; and if they should happen to fall 
npon something combustible, as paper or clothing, a fire 
might result. 

What you see on the end of a match is not phosphorus 
alone, but a mixture of this with some other substances, 
which make it burn more readily than if it were alone. The 
reason is that they have oxygen in them; and the more 
oxygen there is to unite with the phosphorus, the more 
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lively will it bum. In lighting the match^ friction makes 
the phosphorus unite with the oxygen in the mixture, in 
addition to that in the air. 

Machinery is sometimes set on fire from heat occasioned by 
friction ; that is, the iron becomes so hot that it heats the 
wood sufficiently to make the oxygen of the air unite with it. 
If the axles of railway carriages are not kept well greased, 
heat produced by the friction sets the little grease that is 
in the axle-boxes on fire ; that is, makes the oxygen of the 
air unite with it. 

The knife-grinder, with his rapidly revolving wheel or 
disk of stone, makes sparks fly off, really burning part of 
the knife that he is grinding. The late Jacob Perkins 
invented a machine by which steel is burned. A disk of soft 
iron is made to revolve very fast. If a file be held against 
the edge of this disk, the friction will cause part of the 
file which touches the disk to be burnt, and a shower of 
sparks will be thrown upward. Here you have the same 
effect as when you strike fire with your heel. It is the 
union of oxygen with particles of the file that makes the 
sparks. 



CHAPTER XII. 

ANTTffAL HEAT. 

What makes yonr body warm? You will perhaps say, 
clothes and fires. No; they help to keep you warm, but 
they do not make you so. The heat that makes you warm 
is produced in your own body, and is made by real com- 
bustion. There is, as it were, a fire in your body. It is a 
real fire, though there is neither flame nor light. 

This is one reason why you cannot liye without oxygen. 
This gas is needed to keep up the fire in your body, just as 
it is needed to keep all fires burning. 

In the resulis of the combustion, the burning in your body 
is like the burning of a common candle. The oxygen of the 
air unites, as you learned on page 59, with the carbon of the 
candle to form carbonic acid, and with the hydrogen of the 
candle to form water. So, also, the oxygen that enters 
yonr lungs unites with the carbon of your body to form 
carbonic acid, and with the hydrogen to form water. 

But where in the body does the oxygen find the carbon 
and the hydrogen? It finds them every where. They 
make, in part, your body, as they do the candle. Blood 
circulates everywhere, to the very ends of your fingers, and 
so carries the oxygen taken from the air in the lungs. The 
warmth in your fingers, and in every part of the body, is made 
by the combination of oxygen with hydrogen and carbon. 
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But you will ask, "Are carbonic acid gas p,nd water 
formed in the yery ends of my fingers as they are in the 
burning candle ?" Exactly so. " What becomes of them ?" 
you will say, " Do they go from my fingers into the air as 
they do from the candle ?" Perhaps some of the water does. 
"But the carbonic acid gas, what becomes of that?" It 
goes in the blood to your lungs, and there is breathed out 
into the air. 

The breathing out of carbonic acid gas I have already told 
you about in chapter VI. This gas that you breathe out, 
or exhale, comes, then, from all parts of the body. When 
you breathe into lime-water, and so make chalk, a, part of 
the gas that you make it with came from the very ends of 
your fingers and toes, and was made there by a sort of fire. 

Some of the water, too, that is formed by this fire goes 
out in your breath ; audit goes out in vapour, just as from 
a burning candle. This vapour can be collected on cold 
glass as you breathe on it, as the vapour from a candle can 
be collected by a glass jar or cold spoon held over it. 

There is one great difierence between your body and the 
candle. The candle is soon gone, for there is no making up 
for what is consumed. But your body remains almost the 
same day after day, although some of it is being constantly 
destroyed. The reason is that in the body new substance 
is always being supplied. Your body, then, is more like a 
lamp fed by a fountain of oil than like a candle. 

Part of the food we eat is as fuel ; that is, it supplies the 
carbon and hydrogen that are, as it were, continually 
burned in our bodies. There are some foods that furnish 
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much carbon and hydrogen, and so keep up the fire in ns. 
Sugar is one of these ; fat is another. Inhabitants of very 
cold climates, as the Esquimaux, eat large quantities of fat 
and oil, because they are of use in keeping them warm. 
They need food that has charcoal in it for fuel, to guard 
them against the extreme cold of the climate. They love 
food of this kind. A captain of a vessel invited one of these 
people to dine with him. His guest declined the coffee and 
wine which were offered, but, seeing an oil-can near, he 
took it and drank all the oil. That he liked, for he had 
been accustomed to drink it to keep himself warm. But 
coffee and wine he did not think of much account. 

Sugar is one kind of food that furnishes fuel for the fire 
in us. You can hardly believe that a large portion of sugar 
is charcoal, but so it is. Indeed, sugar and wood are com- 
posed of the same things ; and as charcoal can be got from 
wood, so also it can be got from sugar. 

I have told you on page 41 that the carbonic acid gas which 
a man breathes from his lungs in a year contained about 
200 pounds of charcoal. Now this carbonic gas came from 
the fire in his body, and in this fire 200 pounds of charcoal 
united in his body with oxygen. Where did all the charcoal 
come from ? It was swallowed in the food — in th^ sugar 
and fat, etc., that were eaten. You thus swallow every year 
an amount of charcoal which weighs more than you do, and 
m burning it keeps you warm. 

In running and playing you become heated. Think why 
this is so. The heart beats quicker than when you are still, 
and therefore blood flows very rapidly in the arteries and 
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veins. At the same time, you breathe qnickly. Now the 
quick breathiog introduces more air, and therefore more 
oxygen, into the lungs ; more oxygen, of course, enters the 
blood, and as the circulation is quickened the oxygen is 
carried everywhere more rapidly. The internal fire must 
therefore burn more briskly in every part of the body, for 
the same reason that fire in a fireplace burns more quickly 
by blowing. Oxygen in both cases, in the fire in the body 
as well as in that in the fireplace, comes faster to the carbon 
and hydrogen. 

Did you ever think that your body is always giving out 
heat to the air ? Even in very hot weather the air is almost 
always cooler than the body. Tou are uncomfortably warm 
on a hot day, because your body does not give off enough 
heat. 

Many persons, therefore, crowded together, give out much 
heat. We see this illustrated in large parties. When only 
a few persons are present the rooms are comfortable ; but 
when many are assembled the air is uncomfortably warm. 
If a hundred persons are present we may think of them as 
a hundred fires warming the air. 

Again, if you stand without sufficient clothing you become 
chilled. Observe how this is : air is passing into your 
lungs, carrying in oxygen, which keeps the fire in you 
burning ; but the fire is not sufficient to keep you warm, 
because the air is so cold that it can receive much heat froni 
the outside of your body. 

How may this be remedied ? In two ways. One is to 
make the fire in your body burn more briskly ; this can be 
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done by exercise, such as mnning, jumping, working, etc. 
Then the blood circulates quicker, and jou breathe faster, 
so more oxygen enters, and brightens up the fire, in the 
same way as the fire in a grate is brightened by air entering 
it from a pair of bellows. You have seen persons in cold 
weather strike their arms across the body, and rub their 
hands together. This is to make the blood flow more freely 
to the very ends of the fingers, that an abundance of 
oxygen may be there to unite with the carbon and hydrogen, 
and so produce sufficient warmth. 

Another remedy is to put on more clothing. Thus, the 
heat which the fire in you is constantly making, is retained. 
This is the reason why more clothing is needed when you 
are driving than when you are walking or playing. 

For animals that liye in cold climates the Creator provides 
clothing fitted to keep in the heat which is made in their 
bodies; they are clothed with/wrs. Contrast the polar bear 
and the elephant in this respect. The bear has a good furry 
coat, while the elephant, that lives in a warm climate, has 
only a few straggling hairs upon his skin. 



CHAPTER XIII. 

IBOlT-ItUST, POTASH, SODA, AND UME. 

I HAVE told yoQ that when iron becomes coated with rost, 
8 aort of burning or combaation canees it. Oxygen nnites 
Fig. S8. with iron es it does with charcoal 

1 when that is bnmed. There is no 

light made, becaoee the combustion is 
so alow. Bat when iron mats quickly, 
that is, when it ia burned in oxygen, 
there ia much light. Perhaps yon 
remember what was said about the 
hnming of iron on page 12 when yon 
aaw the same £gare as here. 
Which do yon think is heayieat — a piece of iron, or the 
same after it is covered with mat ? The iron, yon will perhaps 
say. Why ? Because the mat eats it, says one. And, remarks 
another, people always say of a stove- or water-pipe, when the 
rust haa made holea in it, that it is rusted away. But let 
ua look at this. When iron rusta, oxygen unites with it. 
Of course, it will weigh more with this addition. To be 
Bure, oxygen is a very light substance, nearly as light as 
air. Bat it has some weight, and this weight is in mat 
added to the iron. It is to be remembered that a 
considerable bulk of oxygen is added. It requires much 
oxygen to make but little mat. Whenever you see rust. 




IRON-RUST, POTASH, SODA, AND LIME 8x 

then jon can think of a large quantity of this gas being 
in a very little space when united with the iron; and 
thus united, it is no longer gajs, but part of a solid. 

In what we commonly call rust, there is something 
besides oxygen united with iron : there is water. True : it 
does not show itself as water, for rust is dry. How is this ? 
Water in rust is not a liquid, just as oxygen in it is not a 
gas. Both the liquid and the gas are now parts of a solid. 

You will be surprised when I tell you how much oxygen 
and water there is in iron-rust. In two pounds of rust 
there is nearly half a pound of oxygen and about the same 
weight of water ; that is, there is nearly half a pint of water 
in two pounds of rust, and about 40 gallons of oxygen. 

Most metals will, like iron, burn, or, in other words, unite 
with oxygen ; but there are some metals that will not burn 
at all. This is because they have no liking or affinity for 
oxygen. Gold is one. If heat enough is applied to melt it, 
it will not take any of the oxygen of the air to itself. So, 
also, it may be gilded upon wind- vanes, and exposed to the 
air year after year, without tarnishing ; that is^ it will not 
bum or rust as iron does. Iron exposed in this way rusts 
in a very little time, unless it be covered with paint to keep 
the oxygen of the air from it. 

There are some metals that like oxygen so well as to 
nnite vdth it whenever there is an opportunity. Sometimes 
they burst into flame in doing so. Potassium is one. Sir 
flnmphry Davy, a great English chemist, who was once a 
poor boy, first obtained this metal. 

I will tell you a little about his discovery of it. Every- 

a 
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body is familiar with potash. Now, for some reasons Davy 
believed that this is not a dmple substance, but a compound 
one. He tried some experiments, and at length discovered 
that it is composed of oxygen and a metal, just as iron-rust 
is composed of oxygen and iron. He separated the metal 
from the oxygen, and called it potassium. But the diffi- 
culty was to ke^ the metal after it was obtained. It was 
constantly turning into potash ; for there is oxygen every- 
where, and potassium and oxygen have a great liking or 
affinity for each other. 

The only way in which this metal can be kept is to shut 
it in a prison where it cannot get at oxygen. But it is 
difficult to find such a prison, for oxygen is in almost every 
substance. It is commonly kept in wood-naphtha, a liquid 
which happens to have no oxygen in it. The naphtha sold 
in oil shops and used in lamps is made from coals ; there is 
oxygen in this, and therefore potassium cannot be preserved 
in such naphtha. With wood-naphtha as a covering to keep 
out its great friend oxygen, potassium can be preserved pure. 

Potassium is a bluish-white metal, quite soft, so that 
when warm it can be moulded between the fingers almost 
like wax ; but when colder than freezing water it is brittle. 
It is very light ; so light that it floats on water. 

If potassium be exposed to the air it rapidly tarnishes, 
and in a short time is turned to potash, the oxygen of the 
air uniting with it. 

If a little piece of it be thrown upon water, it takes the 
oxygen from the hydrogen of the water, and bursts into 
a beautiful violet flame : see Fig. 39. This flame is due to 
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the burning hydrogen, which is set free by the nnion of 

potaaainm with the oxygen of the 

water. The hydrogen burns becsnse 

this union is made qnickly, and so 

heat enongh is produced to set fire 

to it. The colour is giyen to the 

flame by the glowing vapour of the 

potasBium. If this metal be thrown 

npou ice the same burning will occur. 

The cold cannot prevent the potas- 

siuin from stealing the oxygen &om its companion in the ice 

—hydrogen — neither wiU it prevent the hydrogen igniting. 

It seems strange that a metal should float on water, and 
bum while floating. When Sir Hnmphry Davy made the 
discovery he astonished everybody. Even his brother 
chemists were astonished. It is related that Davy put a 
email piece of the newly-diacovered metal into the hand of 
his friend Dr. Wollast(«i, a c^ebrated chemist, and Dr. 
Wollaston spoke of it as being heavy. Davy showed him 
his mistake by throwing it into water. The philosopher 
expected to see it sink like lead, and was greatly surprised to 
see it float and burn. 

Yon have been told in previous chapters that phosphorus 
hag a liking or affinity for oxygen. It likes it so well that 
we have to keep it imprisoned in water. But you see that 
potassium likes oxygen much better than ph(«phorus does, 
for it will even separate oxygen from the hydrogen in 
water, although they are very strongly united in that liquid. 

Iron-rust is an oxide of iron. It is so called because it is 
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oxygen and iron united. Hence iron, when rusted, is said 
to be oxHi^eA. In like manner, potash is an oxide of 
potassium. 

What is commonly called potash is really potash united 
with carbonic acid, and of this I will tell you in another 
chapter. What the chemist calls potash, that is, the oxide 
of potassium, is a powerful substance. It will, like strong 
acids — the nitric and sulphuric — eat flesh, and so is called a 
caustic. 

As potash is an oxide of potassium, so soda is an oxide 
of a metal called sodium. This metal swims on water like 
potassium. When thrown upon water it decomposes it, 
taking oxygen from the hydrogen, as potassium does. A 
hissing sound is produced, but the escaping hydrogen does 
not burn unless the water be hot. When it does burn the 
flame has a beautiful yellow colour, caused by the glowing 
fumes of the metal. 

There is much of this metal in the world, for it is an 
ingredient of >common salt. Like potassium, it is never 
found alone^ but always united with oxygen or some other 
substance. 

Potash and soda are called alkalies. They have an acrid 
taste, very different to that of acids. There is one substance, 
ammonia, which is called a volatile alkali, because it so 
readily flies off into the air, volatile coming from the Latin 
word vcloy I fly. Potash and soda are sometimes termed 
fixed alkalies, in distinction from ammonia, because they 
have no disposition to fly off, but stay where they are. 

Ammonia is a colourless and very pungent gas. It is 
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composed of nitrogen and hydrogen, and forms with 
carbonic acid gas the smelling salts with which you are 
fiamiliar. 

Lime was supposed to be a simple substance or element 
before the discoveries of Sir Humphry Davy. But this, 
like soda and potash, he found to be an oxide of a metal. 
This metal, called calcium, is difficult to obtain, because it 
has so great an affinity for oxygen. It is hard to get 
calcium out of the company of its friend oxygen long 
enough to see it. When it is seen it looks like silver. 
United with oxygen, calcium forms lime, or what is 
conmionly called ji^tci-lime. K water be added to lime it 
is called daked lime. Observe that word slaked. People 
sometimes speak of dahing the thirst; so, in the case of 
lime, there is a thirst, as we may say, for water, and the 
lime will take a great deal of it. But there is a certain 
amount that it will take and no more. When it has got 
that amount its affinity is satisfied, or its thirst is daked. 
So it is called daked lime. 

Lime becomes slaked if exposed to the air, for it has 
such an affinity for water that it will drink in moisture from 
the air. 

In making mortar the lime is slaked ; and so great is the 
affinity of lime and water for each other, so eager are they 
to unite, that great commotion and heat are produced, as 
you have probably often witnessed where mortar is being 
prepared for buildings. 

Slaked lime seems dry, and yet in every four pounds there is 
one pound of water. This is about the same proportion that 
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there is in iron-rust. This water does not exist as water 
in the lime. It is no longer a fluid, but part of a solid. 

One quarter of the lime in the plastering on walls is, then, 
water. Pailful upon pailful of water is in the plastering of 
a single room; and if the house be built of brick, what 
quantities of water are there in all the plastering and mortar ! 
The common idea of people is, that when plastering and 
mortar dry, the water that is in them passes into the air, 
just as it does from a wet cloth when it dries. But only a 
part thus passes off, a large portion becoming a part of the 
dry solid wall. 



CHAPTER XIV. 

METALS AND THEIB OXIDES. 

Most metals unite quite readily with oxygen, but some few 
do not. I will now describe those metals which are most 
important and interesting, noticing their oxides at the same 
time. 

Metals are generally considered heavy. One of them, 
iridium, is the heaviest substance in the world. But some of 
them, as you have seen, are so light that they swim on water. 

Metals are generally solid, but one, mercury, is liquid. 
You see it in thermometers, which, as you know, are used 
for showing how hot anything is. 

A metal is a simple substance, — an element, — not a com- 
pound. There are nearly fifty of these metallic elements, 
while there are only in the world about a dozen of all other 
elements. Metals are opaque; that is, light cannot pass 
through them. Glass is transparent, and not opaque, for 
you can see through it ; but you cannot see through a piece 
of iron or tin. Gases are transparent, as you learned in 
Chapter 11. Water is also. You can see substances at the 
bottom of clear water ; but you cannot see anything at the 
bottom of a cup of mercury. 

There are some substances that, you cannot see through, 
and yet light can shine through them. They are said to be 
trandueent. Metals are neither transparent nor translucent. 
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When gold is made into very thin leaf by hammering, it is 
translucent ; but, however thin it may be made, it is never 
transparent. 

Metals have a certain brilliancy called mdadic lustre. 
Some of them can be polished very highly. 

There are certain properties of metals which make them 
very valuable. There is maHeahUitt/. This word comes 
from the Latin word for hammer, maUevs. Gold is very 
malleable ; that is, it can be hammered into very thin leaves. 
Silver, lead, and tin are also very malleable, though not as 
much so as gold. Iron is considerably so when heated. 
Then there is dtustilUy, the property by which some metals, 
as gold, silver, iron, copper, and lead, can be drawn into 
wire. 

Iron is the most valuable and abundant of all metals, and 
is put to the greatest variety of uses, and the Creator has 
provided much of it in every part of the world. Here is a 
piece of rhyme in which some of the uses are mentioned : 



** Iron vessels cross the ocean, 
Iron engines give them motion ; 
Iron needles westward veering, 
Iron tillers vessels steering ; 
Iron pipe our gas delivers, 
Iron bridges span our rivers ; 
Iron pens are used for writing. 
Iron ink our thoughts inditing ; 
Iron stoves for cooking victuals, 
Iron ovens, pots, and kettles ; 
Iron horses draw our loads. 
Iron rails compose our roads ; 



Iron anchors hold in sands. 
Iron bolts, and rods, and bands ; 
Iron houses, iron walls, 
Iron cannon, iron balls ; 
Iron axes, knives, and chains. 
Iron augurs, saws, and planes ; 
Iron globules in our blood, 
Iron particles in food ; 
Iron lightning-rods on spires. 
Iron telegraphic wires ; 
Iron hammers, nails, and screws. 
Iron in all things we use/* 



You can think of other uses to which iron is put besides 
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these. I think of a few just at this moment — pokers; 
shovels; watch-springs; hoops for casks, etc. 

Not only is iron put to many uses, but there are very 
many different methods employed in forming it to these 
uses. Sometimes it is melted until it becomes liquid, and 
then it is poured into sand in which has been formed hollows 
corresponding to the shape of the piece of iron required. 
Sometimes it is only heated until it is soft, as described on 
the previous page. Sometimes it undergoes a process you 
can understand at a future day, and then it is called steel. 
Even these three kinds of iron differ very much in their 
properties. Cast iron can bear heavy loads, but cannot be 
bent, and is not elastic ; malleable iron can be bent, and 
steel is very elastic. 

Iron is never found pure, but always combined with 
oxygen, carbon, sulphur, flint, lime, etc. It is sometimes 
miited with one, sometimes with several of these. When 
the chemist produces it pure, it is white and soft. The iron 
we use is obtained from what are termed iron ores. In these 
ores iron is united with various substances that hav^ been 
mentioned. It is freed from these by being heated in 
furnaces. 
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A drawing of one of these furnoceB is shown in Fig. 40. 
As the ore of iron is brought from the mine it is passed in 
the small railway waggons yon see at the top, and so emptied 



Fig. 40. 




into the furnace, the flames of which are passing out at A. 
Goals and other sabatauces are put in with the ore at B 
When the iron is in a flnid state it falls down to O, and is 
drawn ont and caused to run into moulds. At F is where 
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the oxygen of the air is driven in, and so, rapid burning 
and great heat are produced. From the explanation given 
on page 61 in reference to the blow-pipe, you will under- 
stand why great heat is produced at E. There the iron 
becomes liquid, and trickles down to G, and the earthy 
matters mixed with the iron are " vitrified," that is, changed 
to be like glass or glazed earthenware. At D the iron 
begins to be separated from the ore. All the iron obtained 
is more or less impure. Even the very best that can be 
bought has carbon and flint in it. 

There is a great diflference between cast iron and wrought 
iron. Cast iron is very brittle, wrought iron is not. The 
difference in composition is this : In every hundred pounds 
of cast iron there are from three to five pounds of carbon, 
while there is only from one quarter to half a pound in every 
hundred pounds of wrought iron. But this is not all ; the 
structure, or putting together, is very different in these 
two kinds of iron. If you observe the broken edge of cast 
iron, you will see that the iron is in little grains; the 
structure, therefore, is said to be ffranvJar, But wrought 
iron seems to be composed of threads or fibres of the metal 
lying alongside each other; so it is said to have B,jibr(m8 
structure. 

These two kinds are used for different purposes. Pans 
and kettles are made of cast iron ; but it would not do to 
have anything made of this which is to be knocked against 
hard things. If, for example, horse-shoes were made of 
cast iron, they would be broken by the stones upon which 
they might strike ; they are therefore made of wrought iron. 
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For the same reafion, the nails with which they are fastened 
to the hoof are made of wrought iron. 

Wrought iron can he welded* but cast iron cannot be 
welded. In this weldings which can be done only when the 
iron is red hot, hammering unites the fibres in the two 
pieces. You can readily see that this cannot be done where 
there are grains and not fibres as in cast iron. 

Cast iron is so brittle that it cannot be hammered inta 
sheets ; it is not then malleable in any degree. But wrought 
iron is so; it is also ductile^ that is, it can be drawn out 
into wire. 

Steel is a kind of iron, or rather a compound of iron and 
carbon. In every hundred pounds of steel there are from 
two to two and a half pounds of carbon. In the amount of 
carbon in it, therefore, it may be said to be half way 
between cast iron and wrought iron. It may be made from 
either cast or wrought iron. When made from cast iron it 
is done by burning out half of the carbon in the cast iron. 
When made from wrought iron, carbon is added by heating 
wrought iron with charcoal in boxes. 

There are two kinds of steel. One brittle ; the other 
flexible. Some swords can be bent double without breaking, 
and yet will at once become straight again. The difference 
between the two kinds of steel is caused thus. If steel be 
heated, and then suddenly cooled, it will be hard and brittle ; 
if it be cooled slowly, it will be soft, and can be hammered 
like wrought iron. All sharp-cutting instruments are formed 

* That is, joiued so that two pieces shall be as though they had never been 
separated. 
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of steel when it is heated. They are then made as hard as 
the workman thinks suitable. Some are thus made so brittle 
as to be easily broken ; this you may have learned sometimes 
by breaking your pocket-knife. 

I have spoken of the abundance of iron in the earth. 
Besides the ores from which it is obtained, there is much in 
other substances. There are some oxides of iron that 
abonnd. For example, almost all black and green stones 
get their colour from an oxide of iron that is in them. The 
yellow stains which we sometimes see in marble and other 
stones result from iron, which, by exposure to air, has 
become iron-rust ; that is, an oxide of iron, as you learned 
in the previous chapter. There is iron-rust in all soils, in 
some a great amount, giving to them a yellow or yellowish 
brown colour. 

There is one ore of iron often found in beautiful crystals ; 
and as it has a colour somewhat like gold, it has been 
supposed to be gold by people that do not understand such 
matters ; it is, therefore, called " fools' gold." People some- 
times bring this ore to chemists, expecting to make a 
fortune. They are very much disappointed to learn that 
their gold is nothing but a union of sulphur and iron. 



CHAPTER XV. 

METALS AND THEIB OXIDBS-^sontinued, 

Lead is the metal next to iron in abundance. Its colour, 
as you know, is a bluish-gray. It is very malleable. Com- 
pared with iron, it is a weak metal. A lead wire would 
not hold much weight, it is therefore said to have little 
tenacity. This word comes from the Latin word teneo, 
" I hold," and means the power of holding together. It would 
require a heavy weight to break an iron wire, but a smsJl 
weight would break a lead one of the same size. 

There are three oxides of lead. One of a yellow colour, 
and is called litharge. Another red, used in painting to give 
a scarlet colour. Then there is another of a dark brown 
colour. The diflference in these oxides is caused by different 
proportions of oxygen in them. 

The most common ore of lead is called galena. This is 
sulphur and lead united^ and named by chemists a sulphide 
or sulphuret of lead, as " fools' gold " is a sulphide or stUphuret 
of iron. It is found in crystals of a colour like lead. 

There is one way of obtaining the metal from the sulphuret 
which illustrates chemical affinity. Sulphuret of lead is 
heated with iron. Now sulphur has a greater affinity for 
iron than it has for lead, and so leaves the lead and unites 
with the iron. 

The uses of lead are extensive and various. We have it 
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in the form of sheets and pipes. It is also mixed with 
other metals. Thus type metal and pewter are composed in 
part of lead. Bullets and shot are made of lead. Oxides 
of lead are greatly used ; and, besides these, in another part 
of this book I shall tell you about some valuable substances 
made by the union of lead with acids. 

Extensive lead-mines have been found in all quarters of 
the globe. 

Tin is a bright white metal, very soft and malleable. It 
does not tarnish easily ; that is, it does not readily rust or 
gather oxygen from the air. Tinware, as you know, easily 
keeps bright. This tinware is not all tin. There is really 
more of iron than tin in it. It is sheet iron coated with tin. 
In making it, thin sheets of iron are dipped into molten tin. 
Common pins made of brass are whitened by having a thin 
coating of tin put upon them. This is done by boiling them 
in a solution of cream of tartar having in it some tin. The 
cream of tartar is acid and dissolves some of the tin, then 
the pins take tin from the acid, and so become coated. 
There are tin-mines in various parts of the world. The 
most famous are those of Cornwall. 

Copper is a metal of a red colour. It is malleable, and there- 
fore readily made into sheets, in which form it is much used, 
as, for example, in sheathing vessels. It does not tarnish or 
oxidize as easily as iron. It conducts heat well, and is used 
for making various vessels for cooking purposes. Lead 
would not answer because it melts so easily. Copper is 
very ductile, and therefore used in the form of wire. It has 
considerable tenacity, though not so tenacious as iron^ for 
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its wire cannot hold so heavy a weight as iron wire of the 
same size. 

Copper forms a STilphide with sulphur, and this is the 
most common ore of the metal. This sulphide is often 
nnited with the sulphide of iron. Tin and lead are seldom 
found pure, that is, free from oxygen, sulphur, etc. But 
copper is sometimes found pure in large quantities. There 
are four oxides of copper, of different colours. The sulphide 
is very much like the sulphide of iron — " fools' gold " — ^but 
has a deeper yellow colour. 

Zinc is a bluish- white metal used chiefly in the form of 
sheets for covering roofs, lining refrigerators, sinks, etc., 
and in various other ways. Not long ago it was hardly 
used at aU except for mixing with copper, and so making 
the compound metal we call — Brass, Some one, in experi- 
menting, found that, on heating it to a particular tempera- 
ture, it could be rolled into sheets. K heated above or 
below this degree the metal is brittle and cannot be worked. 
This discovery shows how much good experiments may do. 
As soon as the discovery was made zinc became extensively 
used for various purposes. 

Zinc tarnishes or oxidizes in the air. This you may see 
in the whitish coating which gathers on it. But observe 
the difference between that and the rusting of iron. When 
once coated with this very thin rust, as we may call it, the 
zinc is protected from any farther action of the air; but 
iron rusts in and in — there is no stopping it. If zinc did 
80 it would make very poor roofing. 

Antimony is a bluish- white metal. It is found like lead 
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Fig. 41. 



united with sulphur as a sulphide. Its principal use is 
in mixtures or alloys with other metals. It is often used 
in the composition of printing type. The medicine called 
tartar emetic has the metal antimony in it united with an acid. 

You may try the following experiment with this metal. 
Take a glass tube 
about 3 inches long 
and \ inch diameter 
closed at one end as 
at (a) in the figure 
(or like a test-tube). 
Introduce a little 
antimony into it, 
and heat the metal 
by the flame of a 
spirit lamp or by gas. It will be vaporized and deposited 
as a mirror on the cool part (c) of the tube. A similar 
experiment may be tried with mercury, when a very bright 
mirror will be produced like a looking-glass. 

, BisinjTH is a brittle metal of a reddish-white colour. It 
also forms part of an alloy. 

AiiTJMmnM is a bluish- white metal which is always found 
united with other substances. It is in alum, and hence its 
name. The chemist obtains it from clay. 

Manganese is a grey brittle metal. It is known chiefly 
from the usefulness of its black oxide which gives a violet 
colour to glass. The chemist uses this oxide in obtaining 
oxygen, as it contains a considerable amount of this gas not 
very strongly united to the metal. 
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Mebcubt is a white metal, having a brilliant metallic 
lustre, and the only one which is commonly liquid. It 
becomes solid in the extreme cold weather of the Arctic 
regions. Therefore, when Dr. Eane and others went to 
those regions they could not use thermometers with mercury 
in them; they were obliged to have thermometers containing 
alcohol which does not become solid even in very great cold. 

Mercury is sometimes found pure. It is said that the 
mines in Mexico were first discovered thus : A hunter as hB 
was ascending a mountain caught hold of a shrub to assist 
him ; the shrub gave way at the root, and there ran from 
the ground a stream of mercury. It was supposed to be 
liquid silver, and therefore received the name of quicksilver > 

This metal is commonly obtained from the sulphide of 
mercury called cinnabar, which varies in colour from bright 
red to brown-red. It is unlike either mercury or sulphur. 
The two united make an entirely new substance. Cinnabar 
when bright red is called vermilion, and is used to give a 
red colour to sealing-wax. 

SiLVEB occurs in nature sometimes pure, sometimes in 
alloys or mixtures with other metals as lead, copper, etc., 
and sometimes united with sulphur or some other substance. 
The most famous mines are in Mexico and South America, 
This metal is very malleable and ductile. It is not so hard 
as copper nor so soft as gold. 

GrOLD is not found in nature united with other things as 
most metals are ; but either pure, or mixed with some other 
metals as an alloy» It is found in rocks, or sands that have 
been washed down by rivers. 
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Platinum is commonly spoken of (see page 47) as the 
heaviest of all known substances ; bnt there is another metal 
iridium found in company with platinum which is a little 
heavier. Platinum has a colour like steel. It is very 
ductile and malleable. No common fire can melt this metal ; 
it can be melted however by th6 heat of the oxy-hydrogen 
blowpipe, as I told you in Chapter XL 

Mercury, silver, gold, and platinum have been called the 
noble metals, because when pure and not formed into alloys 
(see next chapter) they are not tarnished by the oxygen of 
the air. 



CHAPTER XVI. 
aijLoys astd amalgams. 

Something has been already said of alloys or mixtures of 
diflferent metals. Note how these differ from what we call 
chemical compounds. One difference is this: When two 
substances form a chemical compound, they unite only in 
certain proportions ; but in an alloy you can mix metals 
in any proportions. For example, a particular quantity of 
sulphur will unite with lead to form sulphide of lead. This 
is a chemical compound ; but in an alloy or mixture of kad 
and tin you may have any proportions of the two metals. 
It is with alloys very much as with liquids ; you can mix tea 
and milk in any proportions that you wish. 

There is another difference. When two substances com- 
bine to form a chemical compound the substance formed is 
not in its qualities between the two that form it ; an entirely 
new substance is formed, and generally very different from 
either of those of which it is composed. Not so with alloys. 
Brass is a mixture or alloy of copper and zinc. Its colour 
is made lighter than copper by the zinc, about one quarter 
being of this metal. Not only in this, but also in other 
qualities, the brass is between the two metals. 

Take another case. Type-metal is made partly of lead. 
If it were wholly of lead, types would be soft and very soon 
worn out. There is therefore mixed with it some other 
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metal to give the required hardness. Very commonly copper. 
Sometimes tin is nsed in place of lead. This makes a better, 
though more expensive type-metal. Sometimes type-metal 
is made of zinc, copper, lead, and tin together. In the best 
type-metal there is some bismnth, which helps to give a 
clear letter in printing. K you examine printed letters 
with a magnifying-glass you will see differences according 
to the types used, and the length of time they have been 
in use. You will be surprised to find how imperfectly the 
letters are formed even in the' very best print. 

Bboi^ze is an alloy of copper with tin, the tin being to the 
copper as about one to nine. This mixture is much used 
for statues and small ornamental figures. Bell-metal is a 
kind of bronze having more tin than ordinary bronze. 

Pewter is an alloy of tin with lead or antimony. What is 
called Britannia-ware is a kind of pewter. When glass and 
earthenware were not so cheap as now, people very generally 
used pewter platters and pewter cups. 

Bbass, I have told you, is an alloy of copper and zinc. 
There are various other alloys of these metals. You have 
heard of watches in pinchbeck cases. These are made in 
imitation of gold watches. The pinchbeck differs from brass 
only in having more zinc in it. It looks like gold; why, 
then, is it not as good ? Gold, you know, does not tarnish. 
The oxygen of the air cannot get any hold upon it ; but it 
can get hold of both the zinc and the copper that compose 
pinchbeck. 

There is another alloy of copper and zinc called Tombac, 
which can be hammered into very thin leaves, making a 
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spurious or false gold leaf. When finely powdered it is 
called gold bronze. 

You have perhaps heard of German silver. There is no 
silver in this. It is an alloy of copper, zinc, and another 
metal called nickel. This latter metal, by its whiteness, 
gives the alloy a likeness to silver. There is a mixture of 
silver, nickel, and copper which is a very good substitute 
for silver, and much used for ornamental purposes. The 
proportions of these metals in it are silver 30, nickel 25, 
and copper 55. 

There is an alloy which is sometimes made, a source of 
amusement. Teaspoons manufactured from it melt if intro- 
duced into hot tea. This alloy is composed of bismuth, lead, 
and tin; the proportions being, of bismuth 8, lead 5, and 
tin 3. 

The gold and silver in common use are alloys. This is 
true both of money and of the articles made from these 
metals. 

In the silver coin of England we have an alloy with 
copper. The object of the copper is to make the coin hard, 
so that it will not readily wear out. In 100 parts of our 
silver coinage there are 92^ parts of pure silver and 7 J parts 
of copper. Silver used for other purposes ought to have 
just this proportion of copper, in order to preserve a 
beautiful white lustre. For if there be more copper the 
article made of the alloy will be tarnished in consequence 
of the copper being oxidized when exposed to the air. 

Gold is softer than silver. To harden it sufficiently, 
the gold coin of this country is an alloy of 11 parts of 
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gold and 1 part of copper. The word carat is used in 
expressing the amount of pure gold in any alloy of it. This 
word means one twenty-fourth. If therefore it is said of any 
specimen that it is 16 carats fine it is meant that 16 parts 
out of 24 are pure gold. So if it be said that a specimen is 
18 carats fine it is meant that of 24 parts 18 are gold. 

Amalgams are mixtures of mercury with other metals. 
There is one with which you are familiar. It is the silvering 
on the back of glass in mirrors. This is an amalgam of 
mercury and tin. Tin foil, that is, tin leaf, is first applied 
all over the glass ; then mercury in which a small quantity 
of tinfoil has been mixed is poured upon this, and uniting 
with the tin makes an amalgam, as it is called. 

In both alloys and amalgams there is a kind of affinity. 
There is sometimes a very pretty use made of the affinity 
which mercury has for gold ; it is used to separate the gold 
from substances with which it happens to be mingled. The 
material consisting in part of gold is powdered and then shaken 
with mercury. The gold unites with the mercury forming 
an amalgam. Even when the material contains little gold, 
that little may be thus extracted. The gold that is in the 
dust of jewellers' shops is often recovered in this way. 

Thus a solution of gold in mercury is formed. Now how 
can the gold be got out ? The solution is pcfured upon a 
closely-woven cloth, which allows most of the mercury to 
run through. The gold with a little mercury remains in the 
cloth. Then by the application of heat this mercury is 
driven oflf in vapour and gold is left. 

Obtaining gold thus is called* a process of amalgamaiion. 
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This word you wiU often hear appUed to other subjects. 
When people agree or unite readily in their views and plans 
they are said to amalgamate, so gold and mercury readily 
unite. You see here an extended use made of a word which 
was first only appUed to one thing. A very good example 
of a way in which language is built up and enlarged. 



CHAPTER XVII. 

ACIDS. 

I HAVE told you abont the union of oxygen with metals 
forming oxides. Most of the acids are formed by a union of 
oxygen with certain substances which are not metals, such 
as sulphur, phosphorus, etc. I will therefore now notice 
some of these substances and the acids which oxygen forms 
with them. 

Sulphur is a substance with which oxygen and hydrogen 
unite to form an acid called sulphuric acid or oil of vitriol. 
We see sulphur ordinarily in two forms, roll brimstone and 
flowers of sulphur. Flowers of sulphur are obtained by 
heating sulphur so as to make it rise in vapour, the vapour 
being condensed, forming fine powder. Eoll brimstone is 
obtained by melting sulphur and letting it run into moulds. 

Sulphur is very abundant in nature. It is found as 
sulphur sometimes in beautiful yellow crystals in the 
neighbourhood of volcanoes; but it is most abundant in 
combination with other substances. You have seen that it 
is united with many of the metals, forming sulphides. 
The mineral called gypsum or plaster of Paris has sulphur 
in it, and there is sulphur in vegetables and animals. It is 
the sulphur in eggs that blackens a silver spoon, forming a 
sulphide of silver over its surface. 
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Snlphur and oxygen are mild substances, but, united in 
certain proportions, they produce an acid of the most corrosive 
character. Neither sulphur nor oxygen hurt the skin, but 
the acid composed of them would not only stain, but actually 
destroy it. 

K you bum phosphorus in oxygen, or air which contains 
oxygen, the phosphorus unites with the oxygen and forms 
phosphoric acid. This you saw in Chapter III, So, if 
charcoal burns in oxygen or air, it unites with the oxygen 
and forms carbonic acid. But if you burn sulphur in oxygen 
or air it does not form sulphuric acid. The sulphur does 
not get its full supply of oxygen, as the phosphorus and 
carbon do. With this partial supply it forms a gas called 
sulphurous acid gas. It is this that you smell when a 
sulphur match is burned. 

In phosphoric acid the phosphorus has all the oxygen with 
which it can be made to unite. So, in carbonic acid, the 
carbon has all the oxygen it can have. But in sulphurot^ 
acid gas the sulphur has united with only two-thirds of the 
oxygen with which it can be made to unite, and with which 
it must unite to form sulphuric acid. 

Sulphuric acid is made by taking oxygen from some 
substance that has it and giving it to this sulphuroi^ acid 
gas. I will tell you how this is done. The sulphurtms acid 
gas is made by burning sulphur, oxygen of the air uniting 
with the sulphur to form it. Then to obtain the other 
third of oxygen which is needed to turn it into sulphuric 
acid, this gas is taken into the presence of nitric acid. 
Nitric acid, as you learned in Chapter IV., has oxygen in it. 
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From this sonrce sulphurot^s acid gas gets the needed 
oxygen, and so becomes sulphuric acid. 

Sink now what would happen if snlphnr on burning in 
air should unite with enough oxygen to form sulphuric acid. 
Eyery time that sulphur is burned corrosive effects of the 
acid would be seen. If a sulphur match were burned the 
acid would drop from it and destroy whateyer it fell upon. 
Holes would be continually made in carpets and dresses. 
You see, then, the wisdom and goodness of the Creator in 
making sulphur unite with oxygen differently from carbon 
and phosphorus. 

Sulphuric acid has a great liking or affinity for water. If 
it be left standing in an open vessel it increases by taking 
moisture from the air. If it stand some months in a damp 
place it increases so much as to become two or three times 
as heavy as at first. 

K sulphuric acid and water be mixed there is produced a 
considerable degree of heat. This may be shown by some 
interesting experiments. I will mention one. Take a vessel 
of earthenware^ or what chemists call a beaker, which is 
made of thin glass. Do not use a tumbler glass unless it 
is thin, for the heat is sometimes so great as to cause a thick 
glass to crack. Pour water in till it is nearly half full, then 
add about one-third as much sulphuric acid. If now you 
stir it with a test tube in which is some ether, there will 
be so much heat produced by the combination of the acid 
and water as to cause the ether to boil. 

I will now tell you about phosphorus, which forms phos- 
phoric acid by uniting with oxygen. This substance is 
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always found united with other snbstances. It is commonly 
obtained from bones. There is between one and two pounds 
of it in the bones of a full-grown person. 

Phosphorus is generally made in the form of sticks. It is 
white, and has a waxy look. Exposed to air it smokes. 
This arises from uniting with the oxygen of air. The 
smoking is really a slow burning, and if it be in a dark 
place light is produced. Phosphorus takes fire with so little 
heat that it is necessary to be very cautious in experimenting 
with it. We should always cut it under water and on 
taking a piece out we should hold it with a pair of pliers or 
on the point of a knife. 

The smoke that arises from phosphorus when exposed to 
the air is phosphorotta acid. When phosphorus is burned 
phosphoric acid is formed. Obserre the difference between 
sulphur and phosphorus in this respect. Phosphorus on 
mere exposure to the air makes phosphorottjtacid, but sulphur 
must be actually burned to make sulphurems acid, as noticed 
on page 106. There is more oxygen in phosphorte acid than 
in phosphorous acid, just as there is more in sulphuric acid 
than in sulphurous acid. 

I will mention some of the experiments that can be tried 
with phosphorus. 

To prepare for some of these put a piece of phosphorus of 
the size of a large pea into a phial containing half an ounce 
(a table-spoonful) of ether. Cork the phial and let it stand 
for some days giving it a shake occasionally. Pour off the 
liquid into another phial. This is a solution of phosphorus 
and is ready for use. 
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Drop some of this solution upon the hands and rub them 
briskly together. The ether will fly off in vapour leaving 
the phosphorus on the hands. K you do this in the evening 
and make the room dark your hands will be covered with 
light. The reason is, that the phosphorus unites with the 
oxygen of air producing combustion. If you rub your 
hands the light will increase, because the fire is made to 
bum more briskly. But what is the reason that the hands 
are not burned in doing this? Because there is so little 
phosphorus that very little heat is produced. 

Moisten a piece of sugar with the solution of phosphorus 
and drop it into hot water. The heat of the water sends 
both the ether and phosphorus to the surface. When there 
the oxygen of the air and the phosphorus combine so rapidly 
as to ignite the phosphorus, and this sets fire to the ether 
and off they go in a flame together. 

Phosphorus can be made to burn under water. If a stream 
of oxygen be directed upon a bit of phosphorus under hot 
water, it will bum brilliantly, the oxygen uniting with the 
phosphorus causes the burning. 

Phosphorus so eagerly unites with oxygen that a little 
friction produces heat enough to make them unite, and so 
quickly as to bum. For this reason phosphorus is one of 
the ingredients on the ends of some matches. 

Acetic acid is that which we have in vinegar. It is spirits 
of wine or alcohol oxidized. Oxygen is added to alcohol to 
make acetic acid, fis it is added to sulphur to make sulphuric 
acid, or to phosphorus to make phosphoric acid. 

Vinegar is made from cider by letting air have access to 
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the cider. In this case oxygen in air unites with alcohol in 
cider forming acetic acid. The amount of this acid in 
vinegar is very small. There are only from two to five 
gallons in a hundred of the vinegar, the rest is chiefly water. 

Tartaric acid exists in many fruits, sometimes as acid, and 
sometimes united with potash, forming the substance called 
cream of tartar. 

There are various other acids in different fruits, as citric 
in lemons, oranges, currants, etc. ; malic in apples and other 
fruits, oxalic in sorrel. 

There is a remarkable acid I have not yet noticed, com- 
monly called muriatic or hydrochloric acid. It is composed of 
hydrogen and a very singular gas called chlorine. This gas, 
which has a pale greenish-yellow colour, is one of the ingre- 
dients in common salt, and I shall tell you about it in another 
chapter. There is one curious thing about hydrogen and chlo- 
rine when they are mixed together. K they are mixed in the 
dark and kept there they do not unite ; but bring the mixture 
to the light, and union takes place, forming the muriatic acid. 
If sunlight be thrown by reflection from a mirror upon the glass 
jar containing the mixture, the union is so rapid as to cause 
a violent explosion. To prevent accidents from broken glass 
a screen must be put over the jar before light shines upon it. 

Chemists call this acid hydrochloric acid. You can readily 
see a reason for the name; it comes from the two gases 
which compose the acid. Hydrogen gives the first part, 
hydro, and chlorine the latter part, chloric. 

What is commonly called muriatic acid is a solution of the 
gaseous hydrochloric acid in water. 



ACIDS III 

A mixture of this with nitric acid is called aqua, regia, that 
is, royal water, because it is the only liquid that dissolves 
gold — the king of metals. It is very curious that neither of 
these strong acids alone can affect the gold, but let them make 
the attack together and gold submits at once. The gold in 
dissolving is changed into a compound in this way. Nitric 
acid makes the gas chlorine that is in the muriatic acid with 
hydrogen part company from the hydrogen. The chlorind 
thus set free unites with gold, forming a chloride of this 
metal. We do not get therefore a real solution of gold but 
a solution of this chloride. Common salt is a chloride of a 
metal, and I shall tell you about this and other chlorides in 
another chapter. 

Another remarkable acid I will barely notice is commonly 
called prussic acid. It is composed of carbon, nitrogen and 
hydrogen. It exists in very minute quantities in bitter 
almonds, peach blossoms, the kernels of some of the stone 
fruits, etc., giving to them a peculiar odour and flavour. A 
flavour is often given to articles of food by the use of bitter 
almonds, etc., but the quantity of prussic acid thus used is 
so very minute that it does no harm. 

I told you in the first part of this chapter that most of 
the acids have oxygen in them ; prussic and hydrochloric 
acids have not. They have hydrogen instead, and hence 
they are called hydrogen acids. There are not many of this 
class compared with oxygen acids. 



CHAPTER XVIII. 

SAIiTS. 

I HATB told yon abont oxides, which are formed by the xmion 
of oxygen with metals. I haye also told yon abont acids, 
most of which are formed by the nnion of oxygen with 
certain snbstances, as snlphnr, phosphoms, carbon, nitrogen, 
etc. Now these acids nnite with metallic oxides to form 
what are called salts. 

The term salt is applied by chemists to any snbstance 
composed of an acid and an oxide. Thns nitric acid united 
with potash forms the salt called nitrate of potash, or com- 
mon saltpetre. So snlphnric acid nnited with potash forms 
the salt called snlphate of potash. It may seem odd to 
speak of chalk as a salt, bnt it is so called by the chemists 
becanse it is composed of an acid — carbonic acid, and an 
oxide — lime, together forming carbonate of lime. 

Observe that acids do not nnite with metals, bnt with 
oxides of metals. Thns, nitric acid does not nnite with 
potassinm, bnt with the oxide of this metal — ^potash. It is so 
with all metals and all acids. In forming a salt a compound 
unites with a compound. The oxide is a compound of oxygen 
and a metal, and the acid is a compound of oxygen and some 
substance, as sulphur, so it seems that there must be oxygen 
on both sides. 
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Obserye the names of the salts. You can always tell by 
the name which a chemist gives to a salt of what it is com- 
posed. Take nitrate of potash. The termination of the 
first word in the name is ate, and signifies that the substance 
is a salt, the first part of the word shows what acid is in the 
salt. Potash is the name of the oxide, the other part of the 
salt. So also the acid in sulphate of potash is sulphuric 
acid, and that in carbonate of potash is carbonic acid. 

But there are some salts the names of which have the 
termination of the first word in ite instead of ate. These 
salts are formed with acids whose names end in ous, while 
the salts which have ate in their names are formed with 
acids whose names end in ie. Thus sulphzV^ of soda has 
sulphurottj acid in it, while sulpha^6 of soda has in it sul- 
phuric acid. The salts whose names end in ate are more 
common than those whose names end in ite. The former 
have more oxygen in them than the latter, for the acids that 
have names ending in ie have more oxygen than those whose 
names end in ous. 

Some metals have no special names for their oxides, as 
potassium, sodium, etc., have. In such cases the name of 
the metal is used in the name of the salts. Thus we say 
carbonate of iron. It would be more correct to say carbonate 
of the oxide of iron. If this oxide had a short name as the 
oxide of potassium has, we should use it. 

An acid and an oxide are very different. This is especially 
true of the alkalies. They have qualities opposite to those 
of acids. The taste of potash, for instance, is the opposite of 
sour ; and all its other qualities are the opposite of those of 

I 
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an acid. But when an acid and an alkali unite in certain 
proportions, the acid destroys all the alkaline qualities of 
the alkali, and the alkali destroys all the acid properties of 
the acid. 

The white powder known by the common name of cream of 
tartar is a salt composed of tartaric acid and potash. But this 
is sour. How is this ? Why in this case are the acid properties 
not destroyed by the alkali ? Because there is not enough 
alkali united with the acid. The salt is not as sour as 
tartaric acid, for part of the acid quality is destroyed by the 
potash. 

There is another salt made of the same ingredients in 
which there is enough potash to destroy all the acid pro- 
perties of the acid. It is called tartrate of potash while the 
cream of tartar is called the sw;>ertartrate of potash. Cream 
of tartar has this name because there is more tartaric acid 
in it than there is in the tartrate of potash. For the same 
reason a thing is called superfine when it is more than fine, 
or superexcellent when it is more than excellent. 

Cream of tartar is sometimes called bitartrate of potash. 
This is because the Latin word hi^ means twice, for this salt 
has exactly twice as much tartaric acid in it as tartrate of 
potash has. So there is carbonate of soda and bicarbonate 
of soda. There is just twice as much carbonic acid in the 
bicarbonate as in the carbonate. 

A salt in which there is just enough alkali to destroy the 
acid properties of the acid is called a neidral salt. You see 
the reason of this name. A neutral person is one who takes 
neither side in a dispute. Well ! a neutral salt is neither 
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on the acid nor the alkaline side ; so the acid and alkali are 
said to neutralize each other in forming a neutral salt. This 
word is much used in the common affairs of life, when one 
effort or influence destroys some other effort or influence, it 
is said to neutralize it. 



CHAPTER XIX. 

CAILBONATE& 

Salts called carbonates are composed of carbonic acid gas 
united with oxides of metals. You have already learned a 
few of them. I shall in this chapter tell you more about 
these, and notice others that may be interesting and useful. 

The oxide of calcium, commonly called lime, united with 
carbonic acid, forms carbonate of lime. This salt appears 
under various forms. One is chalk, another is marble. The 
hard substance marble is composed of the same things as 
crumbling chalk; we have many examples of a similar 
character. Sugar in some forms is very soft and crumb- 
ling ; but sugar-candy is exceedingly hard, and yet nothing 
but sugar. But we have another example noticed in the 
chapter on carbon which is much more striking. A 
diamond, the hardest and most brilliant of all known sub- 
stances, is one form of carbon, dark and crumbling charcoal 
is another. 

This salt appears in many forms of great beauty. There 
is an abundance of it ; hills and mountains are made of it. 
When in such large masses it has the name of limestone. 

Carbonate of lime does not readily dissolve in water. But 
water will dissolve it especially if there be carbonic acid gas 
in the water. Water from some springs has this salt, and 
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it cmsts over upon stones and sticks. In caves in limestone 
regions there are beautiful displays of the formation of 
limestone from water in which this salt is dissolved. As 
water drips from the roof, some carbonate of lime remains, 
forming a projection pointing downward very much like an 
icicle. At the same time, there is formed underneath on 
the floor of the cave a little hillock of the limestone from 
the water that drops there. That formed above is called a 
stalactite, and that below a stalagmite. 

When there are many of these stalactites and stalagmites, 
and they have been forming for a long time so as to reach 
a great size, they make a splendid appearance. Stalactites 
and stalagmites present every variety of form and arrange- 
ment, when the place where they are is lighted with torches, 
it looks like a scene of enchantment. 

I have told you something about quick-lime on page 85. 
This is the oxide of calcium. It is commonly obtained from 
carbonate of lime. Limestone or chalk is subjected to great 
heat in a furnace. This makes the carbonic acid quit the 
lime : and lime, that is oxide of calcium, is left. 

Carbonate of potash differs from carbonate of lime. It 
likes water and dissolves in it readily. It exists in plants 
and therefore is obtained from ashes. 

A mixture of carbonate of potash and caustic potash is 
generally called potash, which is not correct, for this name 
belongs properly only to caustic potash, that is, the oxide of 
potassium, 

I have told you that if carbonate of lime be strongly 
heated, carbonic acid is driven off. Carbonate of potash is 
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very diflferent in this respect. The hottest fire cannot drive 
carbonic acid from it. If heat could do it we should not 
have, carbonate of potash in ashes, but caustic potash, the 
carbonic acid being carried off by burning in air. 

Here is an experiment you can try with carbonate of 

potash. Drop a teaspoonful of this salt into a glass vessel 

Fig. 42. containing a little vinegar. There will be 

brisk effervescence, gas escaping from the 

liquid. Lower a burning taper fastened to a 

wire (b) as represented in Fig. 42. The taper 

will go out. Why ? Because the gas which 

fills the vessel is carbonic acid. Acetic acid 

in vinegar takes potash from carbonic acid, 

because of a greater affinity for it. A 

salt is formed in this experiment ■ by the 

union of acetic acid and potash. You can 

tell the name of it by observing what I 

told you about the names of salts on page 113. 

If you dissolve potash in water and boil in the solution 
some dirty greasy rags it becomes dark and dirty, but the 
rags are white and clean. There is chemistry in this. 
Potash has an affinity for grease, and in the water we have 
the two united ; but in uniting, the potash has taken out of 
the cloth the dirt with the grease. This explains the use 
of soap in washing. In soap there is potash with grease 
or fat and water, but not so much grease as to prevent the 
potash uniting with more. Potash alone would be very 
harsh, but by mixing it with grease we make a smooth 
article, as soap, that can be easily used. 
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There is a bicarbonate of potash, a salt which has twice 
as mnch carbonic acid in it as the carbonate has. This is 
sometimes used for raising flour (p. 159). How does it pro- 
duce this effect ? The acid used with it take3 potash from 
the carbonic acid, and this gas, set free everywhere in the 
dough, causes little spaces or cells. Sour milk is often used 
as furnishing an acid which will do this. 

There are two carbonates of soda, the carbonate and the 
bicarbonate. That which has most carbonic acid in it, the 
bicarbonate, is used in making soda powders which you see 
in boxes. The powder in blue papers is this salt and that 
in white papers is tartaric acid. If you dissolve one kind 
of powder in water in one tumbler, and the other kind in 
another, and pour the liquids together, an effervescence 
occurs. This is because tartaric acid has a greater affinity 
for soda than carbonic acid has. It therefore seizes the soda 
and the carbonic acid gas set free rises through the water 
and makes a great stir in it. 

There is a carbonate of magnesia. This is the common 
magnesia used in medicine. If heated thoroughly the 
carbonic acid is driven off, just as it can be driven from 
carbonate of lime or chalk. This changes the carbonate into 
an oxide of the metal magnesium. This oxide is the so-called 
calcined moffnesia. 

Carbonate of lead, called white lead, is used in painting. 
It is a poisonous salt, and persons have sometimes been made 
ill by sleeping in rooms recently painted. Some carbonate 
of lead in the paint escapes, and in breathing enters the 
lungs. 
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This salt is often formed in lead pipes used for conveying 
water : as it dissolves readily, it is carried into the system 
of those who drink the water, and gradually produces painful 
disease, and even death. What appears singular is that the 
more pure the water, the more likely is this salt to form. 
This is easily explained. There are always oxygen and 
carhonic acid in water. These act upon lead, unless they 
are prevented from doing it : the oxygen makes an oxide of 
lead, and then the carbonic acid unites with this oxide to 
form the carbonate. Now when water is not pure it com* 
monly has some substances in it which act on lead in such 
a way as to form a thin coat not soluble in water. This 
prevents the oxygen and carbonic acid in the water from 
acting upon the lead. Fortunately the substances dissolved 
in water are usually such as to make the fixed coating, and 
therefore most waters can be safely carried through lead 
pipes. 

I have alluded to carbonate of ammonia on page 84. This 
is the common ml volatile^ so called because it readily diffuses. 
Fine particles of this salt fly into the nose and tingle it 
with its pungency. Ammonia is called hartshorn, because 
at first it was obtained by distilling the horns of deers and 
harts. It is now usually obtained from bones. 



CHAPTER XX. 

SUIiPHATEB. NITBATES, AND ACETATES. 

The most abundant of the sulphates is sulphate of lime. 
This is sometimes called gypsum, and sometimes plaster of 
Paris. It received the latter name because there are immense 
quantities of it near Paris, and it was first used in that city 
as a plaster. 

Sulphate of lime is very mild and yet it is made of two 
very active substances. Lime is caustic, and sulphuric acid 
is very caustic. Mix lime as a gardener sometimes does 
with weeds and it will destroy them quickly by its caustic 
power; on page 106 you learnt that if you drop sulphuric 
acid upon the skin it will destroy it. But let sulphuric acid 
and lime unite, you have a substance you can handle, and 
when powdered and wet you can mould it with your fingers. 
Here we have a striking illustration of the fact that a sub- 
stance may be wholly unlike the ingredients which compose 
it. Oxygen the life-supporting gas united with a metal 
gives lime ; and united with sulphur, gives a biting acid. 

The forms in which gypsum is found in nature are 
occasionally very beautiful. Alabaster, which is cut into 
vases and ornaments, is one of them. Sometimes this salt is 
arranged in delicate white fibres, and then it is called aaiin 
spar. It is well named, for it is as elegant as satin. Some- 
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times it is in very thin leaves laid closely together, and at 
the same time as clear as water. It is then said to be 
foliated, a word from the Latin for leaf. The common word 
foliage is from the same source. 

Gypsum is used for various purposes : the fact that one- 
fifth of it is water is of great service. I will tell you how 
this is. Suppose you wish to make a plaster cast. Subject 
the powdered gypsum to considerable heat to drive off the 
water, then make a paste of it. With this paste moald 
your figure, which should stand till it becomes dry and hard. 
Observe what happens. Does the plaster merely dry as a 
wet cloth ? that is, does the water which has been mingled 
with it pass off into the air? Some does; but the rest 
becomes part of the plaster. The gypsum really makes 
part of its solid self, as much water as it lost when heated ; 
precisely as quicklime takes water into itself as stated on 
page 85. 

Very pretty copies of coins and medals can be taken with 
plaster. Buy a little from which the water has been expelled. 
Moisten some and put it into a small round chip or paper 
box. Large-sized pill-boxes answer. Press a coin upon the 
surface. When the plaster is dry and hard, take the coin 
off, and you will see a good impression in the plaster. To 
prevent the coin from sticking, oil it very slightly. 

The hard-finish put upon room walls is made of plaster. 
First the wall is covered with common lime mortar. Then 
powdered gypsum is stirred in water, so as to make a thin 
paste, and this is nicely spread upon the wall and left to 
harden. 
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Sulphnric acid united with soda forms sulphate of soda, 
or Glauber's salts, as it is called. This salt is in crystals. 
With magnesia, sulphuric acid forms sulphate of magnesia, 
which is called Epsom salts. This is in the form of small 
white crystals. It is really a pretty substance, but has a 
bitter disagreeable taste, as you may perhaps know. , Both 
of these are called neviral salts, for the acid properties of 
the sulphuric acid are neutralized in them, and the taste 
detects no trace of them. 

There are three sulphates in common language called 
ntrids. They are sulphate of zinc, sulphate of iron, and 
sulphate of copper. Sulphate of zine is white, and called 
white vitriol. Sulphate of iron is green, and called green 
Titriol, and sometimes copperas. Sulphate of copper has a 
fine blue colour, and is called Hue vitriol, 

You can try a very pretty little experiment with sulphate 
of copper. Dissolve as much as you can in a little water. 
Hold the blade of your knife in the solution for a few 
minutes, on taking it out you will find it covered with a red 
coat which is metallic copper. Think now how this happens. 
Here is some chemical afl^nity to be explained. Observe 
that there is in the water, copper united with sulphuric acid. 
Now none of that copper can get upon your knife unless it 
be separated from the acid. How is it separated? The 
acid Hking iron better than copper, quits the copper to take 
the iron. It unites with the iron and forms sulphate of iron. 
This salt as it forms is dissolved in the water, and copper 
cUngs to the iron giving the red coat. 

This experiment explains how metallic copper is sometimes 
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obtained in mines from a solution of this salt. At one time 
in Wicklow, Ireland, five hundred tons of iron bars were 
placed in pits that were full of sulphate of copper in solution. 
In, about a year the bars were all gone. What had become 
of them ? The sulphuric acid in the sulphate of copper had 
quitted the copper and united with the iron to form sulphate 
of iron. Copper lay at the bottom of the pits in a sort of 
reddish mud. This was taken out, and the copper freed 
from what was mixed with it. 

Alum is a sulphate but not a sulphate of (me oxide, as the 
sulphates are that have been mentioned. It is a sulphate of 
two oxides ; it has two strings to its bow as we may say. 
It is sulphuric acid united with potash and alumina. With 
potash you are now well acquainted. Aluminum has been 
noticed on page 97. Alum is a dovble salt, and there are 
many such salts. The medicine called tartar emetic is a 
double salt, it is a tartrate of potash and antimony. 

Nitrate of potash formed of nitric acid and potash, is 
commonly called nitre or saltpetre. It is chiefly interesting 
as being an ingredient of gunpowder. Gunpowder is made 
of nitre, charcoal, and sulphur. They are very carefully 
mixed. When a spark is applied to this mixture the heat 
is rapidly communicated from grain to grain, and a great 
quantity of gas is produced all at once. It is this gas 
striving to get room for itself, that drives the ball out of the 
gun or cannon. 

But how is this gas produced? Nitre is composed of 
nitric acid and potash. Now there is oxygen in both nitrio 
acid and potash and this oxygen quickly unites with the 
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carbon or charcoal forming a great amount of carbonic acid 
gas. In doing so it sets free the nitrogen gas which was 
in the nitric acid, this acid being composed, as you learned 
in chapter iii., of oxygen and nitrogen. Carbonic acid gas 
and nitrogen being the chief gases set free in firing gun- 
powder produce the explosion. 

Think how great the change is in this case. From a 
small quantity of powder comes out all at once a very large 
volume of gas. I say comes out, for the gases were locked 
up in that powder and squeezed, as we may say, into small 
quarters. See what it is that sets free these condensed 
gases. It is our lively friend oxygen waked up by fire. 

I will notice only one other nitrate, the nitrate of silver. 
This is a white caustic salt, used in making indelible ink 
and in photography. 

Acetate of lead is commonly called sugar of lead because 
it has a sweet taste. It seems strange that it should have 
such a taste when one ingredient acetic acid is so sharp. 
You can have some idea of its sharpness when you call to 
mind that it makes but about the twentieth part of the 
sharpest vinegar. 
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I will describe a beantifnl experiment that you can try 

with this salt. Dissolve half an oanee of sagar of lead in 

six oonces (twelve tablespoonfnls) of water in a pbial. 

Fasten in the cork a rod or stick of zinc as seen in Fig, 43, 

You will soon see a change taking place. The zinc will 

begin to have little spangles upon it, and these gradually 

Fig. 43, branching out in all directions, form 

^H9 a sort of tree. This tree is made of 

^J^Mk the metal lead, and is called a lead 

^HH 1 tree.* The explanation is this. 

^^Hm Acetic acid has a stronger affinity 

^^Hhl for zinc than for lead. It therefore 

^^^^U leaves the lead and unites with the 

^^fl^^^^^HH^ zinc forming acetate of zinc. The 

^^^^^^^^^ lead which is separated from the 

acid forms the tree, while acetate of zinc dissolves in tbe 

water, taking the place of tbe acetate of lead. It takes 

a day or two for the completion of the tree. If on making 

the solution it is not perfectly clear add a little good 

vinegar. 

The passage of tbe acid in this experiment from the lead 
to the zinc is like the passage of sulphuric acid from copper 
to iron in the experiment with sulphate of copper given on 
page 123. In both cases the acid quits one metal to nuite 
with another. 

* Tbi* tiee ran be rndda to huvu Jiflurent slinpi's by a little contrivaoc G. 
FWiten a imAll lump uT liuc to tli« uiidiT aidp ol tlie oork by a string thiou^li 
tht' ouik. Thrn fiu(«u to tliv liac fine brtu-s iir copper wire, whiuli cnn bu 
branclied out in varioiu dinvtiuns. Cnslala of lead will collect on tliiwu 
bmnohM, and (live a mure iH-rfrct trae Jkapr Uiun the slip oC line. 
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I will notice only one other acetate, that of copper, com- 
monly called verdigris. This is a green-coloured salt and 
very poisonous. It is used in painting. Whenever acetic 
acid comes in contact with copper, this salt is formed. Yon 
can see, therefore, how dangerous it would he to have any 
cooking operation in which vinegar is used done in a copper 
vessel unless the copper was protected. This is done by 
lining copper pans with tin. They are then said to be 



CHAPTER XXL 

BHEIiliS, COKATiS, AN1> BONEt?. 

The shells on the sea-shore are made of carbonate of lime. 
All oyster-shells are made of this substance. The lime used 
for making mortar and other purposes is often obtained from 
oyster-shells just as we obtain it from limestone. The 
shells are intensely heated, and the heat, as you have before 
learned (page 35), drives off the carbonic acid gas and leaves 
the lime alone. 

Whence comes all this carbonate of lime of which shells 
are made? It is dissolved in the water, as salt is. But 
how does it get into the water ? From the earth and rocks 
of limestone. It is washed along in brooks and rivers, and 
at length reaches the sea. 

But how, think you, is this carbonate of lime made into 
shells? Does it gather from the water on the outside of 
the animals that live in the shells? Does the oyster, for 
example, lie still and let the shell form by carbonate of lime, 
settling by little and little from the water, as it crusts upon 
stones or sticks in a spring ? No, this is not the way. All 
that large rough shell has been swallowed by the oyster and 
been in his blood. Only a little at a time was swallowed, 
dissolved in the sea-water; but that little was used in 
building his shell-house. 
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Look at an oyster-shell carefully. There are diflferent 
layers. The outside layer is smaller than the next one, and 
this is smaller than the next, and so on ; and the one next to 
the oyster is the largest. The outside layer iivas made when 
the oyster was very small — a haby oyster as we may say. 
Then as he grew layer after layer was formed as carbonate 
of lime oozed from his* skin. 

All shells are not made exactly after the plan of the 
oyster-shell ; but it is true of all, that every particle has been 
swallowed in the water drank by the animals that lived 
in the shells. 

There is one class of animals which make a singular use 
of the carbonate of lime they swallow. I mean coral 
animals. These always stay where they are born, fixed to a 
strong foundation. That foundation is their skeleton, formed 
from the carbonate of lime they liave swallowed. This 
skeleton extends into the animal's body. The animal is 
all the time growing upward adding continually to the top 
of its skeleton. In the meantime the lower part of its body 
is dying. It dies below while it grows above. 

The effect of all this is that the animal is building a 
column of carbonate of lime, he all the time sitting on the 
top of it like a well-fitted cap. 

You will be surprised when I tell you that whole islands 
have been thus built. Long ranges of coast, sometimes 
hundreds of miles, have been lined with reefs built by these 
little animals. Some of the tiny builders are no larger than 
the head of a pin. 

I will show you a little how this building was done. Along 
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the coast of Florida a little way from the mainland there 
are islands called Jzey^. These have been built by the coral 
animals. They began their work at the deep bottom of the 
sea, and worked until they reached the surface. Then their 
work being done, they died. 

As coral reefs, they are not fit to live upon, for they are 
merely carbonate of lime at the surface, and entirely covered 
at high water. After a while they do become real islands, 
plants grow, and people live there. I will tell you how this 
is. Waves, dashing over coral reefs, break off pieces, which 
are washed toward the middle of the reef; and materials of 
various kinds washed about in the sea collect there, and sea- 
v\reed is thrown upon the heaps in considerable quantities. 
All this gradually forms a soil, and makes the reef a 
real island. Seeds are dropped there by birds, or carried 
in the water, and washed on the land. Grass, flowers, 
shrubs, and trees soon grow, and then man comes and builds 
his habitation. 

These islands along the coast of Florida will after a while 
join the mainland ; that is, become a part of Florida itself. 
How is this? The space between the mainland and the 
islands is continually filling up with mud, which washes in, 
and after a long time there will be enough to make 
dry land. Florida has been made in this way. Island after 
island has been built up by the coral animals, covered with 
soil, and then joined to the mainland in the way described. 

But you may inquire why the coral-builders work away 
from the mainland, instead of building upon the shore. This 
is because the work is begun by coral animals that cannot 
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live in shallow water. They work away till they come near 
the surface of the water, and then another set of coral-builders 
fitted to live in shallow water build on the foundations 
laid by their deep-water friends. 

Different kinds of coral animals have different fashions in 
building. Beautiful specimens of their various work may be 
seen in mineral cabinets, which, as I have before said, are 
skeletons of the animals. 

Egg-shells are made of carbonate of lime ; but hens some- 
times lay eggs with no shells on them. Why is this ? It is 
because they have not swallowed enough carbonate of lime. 
They take it mingled with food in the dust scattered about 
from broken oyster-shells, chalk, etc. As a canary pecks at 
the cuttle-fish bone hanging in its cage, some of that dust 
becomes mingled with its food, and, being swallowed, is used 
in making shells for the eggs she lays. 

Bones of animals are made chiefly of a salt of lime, but not 
the carbonate ; it is the phosphate, a compound of phosphoric 
acid and lime. The three ingredients in this salt are phos- 
phorus, oxygen, and calcium. Phosphorus is made from 
bones ; that is, it is obtained from bones by separating it 
from the oxygen and the calcium that are united with it. 
There is much phosphorus in bones — how much I have told 
you on page 108. 

The phosphate of lime that is in our bones is swallowed in 
food, and, entering the blood, goes to the bones. Some of 
this salt is in both animal and vegetable food. It is in the 
milk upon which infants live. 

You see, then, that it is with the phosphate of lime in our 
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bones as it is with the carbonate of lime in the shells of 
oysters and other shell-fish, — in the stony skeletons of coral 
animals, and in the egg-shells of birds the building material 
is swallowed, and, entering the blood, is carried where it is 
wanted for building. 

Think now whence came all the carbonate and phosphate 
of lime that are in the bones and shells of animals. They 
came from the rocks. Yes ; the phosphate of lime in your 
bones was once in the rocks. But how did it get from the 
rocks into your bones? Bocks are constantly crumbling 
from the influence of frost, and water, and wind. What 
crumbles, mixes with earth, gets into plants in the sap, 
which the roots suck up. If you eat vegetables, or 
the meat of an animal that has eaten vegetables, you in- 
troduce into your stomach, and so into the blood, some of 
the phosphate of lime from the rocks. 



CHAPTER XXII. 

GIiABS AKB SABTHENWABE. 

You will think it strange when I tell you that, in treating 
the subjects named at the head of this chapter, I shall 
introduce you to a certain class of soMa. Yet surprising as it 
is, in glass and earthenware we have salts made with an acid 
like the other salts of which I have told you. 

The acid in these salts is of a very peculiar character. 
Most acids, you know, are decidedly sour to the taste, and 
are liquid, as sulphuric, nitric, acetic acid, etc. There is 
indeed one acid that I have told you much about, carbonic 
acid, which is a gas, and has rather a pleasant, scarcely acid 
taste, as you may perceive in drinking soda-water. But th$ 
acid we have in glass and earthenware is much more singular 
than this. It has no taste, and is solid — very solid. It is 
the substance which you see in flint and quartz, or rock crystal. 
The shining, clear grains in sand are composed of this acid. 
It is called silicic acid, or silica. Yery hard substances are 
these grains in the sand, and if you put them into your 
mouth so far from being sour, they are entirely tasteless. 

Why, then, is this silica considered an acid ? For several 
reasons, some of which I will now give. 

One is, that, like most of the acids mentioned, it is com- 
posed of oxygen united with another substance. Thus, as 
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sulphuric acid is composed of oxygen and sulphur, and 
carbonic acid of oxygen and carbon, so silicic acid, or silica, 
is composed of oxygen and a substance called silicon. 

Another reason is, that silica acts like acids in regard to 
other substances. Thus, as sulphuric acid unites with lime, 
forming sulphate of lime, and carbonic acid unites with it to 
form carbonate of lime, so silica, or silicic acid, unites with it 
to form a substance called silicate of lime. 

But perhaps you will ask, why not consider this silica an 
oxide instead of an acid — an oxide of silicon— as it is com- 
posed of silicon and oxygen? First, because nearly all 
oxides are formed with metals, and silicon does not appear 
like a metal. Then, again, if silica were an oxide, it should 
unite with acids to form salts, as the oxides do ; but this it 
has not in any way been made to do. On the other hand, 
it unites with oxides, as is the case with other acids. 

Silica is a very important part of some plants. It is in 
the stalks of grass, giving them firmness. It is also in the 
stalks of grain. It is to these and other plants yery much 
what bones are to animals. 

But how does this flint or silica get into plants ? If you 
make it very fine indeed, and put it into water, none of it 
will dissolve. It seems strange, then, that it should go 
with sap into any plant. To do this, it must be much finer 
than it can be made by pounding and grinding ; and this is 
done, we know not how, about the roots of plants, so as to 
cause it to dissolve, and so enter in the sap, probably by 
means of the potash that is in the ground with the silica. 
Little is required, and that little is furnished dissolved in 
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tlie sap. Then it is lodged just where wanted in the stalk. 
None of it gets into the kernels of the grains. If so, flour 
would be gritty, and our teeth soon worn out. 

You know that in making mortar we mix sand with the 
lime. This gives firmness to the mortar. Lime alone and 
water would not answer. But the sand has this effect ; the 
longer the mortar or plastering remains, the harder it be- 
comes, and, as we see in taking down old houses, is very 
hard indeed. This is because the silicic acid in the sand 
gradually and slowly unites with the lime ; so that, in the 
course of years, there is a considerable quantity of silicate 
of lime, or glass, in plastering. Old plastering is, then, a 
mixture of glass with mortar, making the whole very firm 
and hard. 

Glass is not one silieate alone, but a compound containing 
two or more silicates. Thus common window-glass is a sili- 
cate of lime and soda. To make it, there are melted together 
with a very hot fire fine sand, old glass, chalk and soda. 
Chalk, you know, is carbonate of lime. The heat drives off 
the carbonic acid, and the lime, released from this acid, 
unites with the silicic acid of the sand, forming silicate of 
lime. At the same time the soda unites with this acid, 
making silicate of soda, and the two silicates uniting form a 
silicate of lime and soda. This, you see, is a double salt, as 
alum and tartar emetic are, as noticed on page 124. 
Common glass is, you know, insoluble; but glass can be 
made that will dissolve, and it is used as a fire-proof 
varnish. 

Colours are given to glass by various oxides of metals 
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mingled with the melted glass — oxides of iron, copper, 
manganese, etc. 

It is said that the making of glass was discovered by 
accident. Some people on a voyage were driven on shore at 
a very sandy place. There was much sea- weed on the shore 
dried in the snn. With this they made a fire on the sand, 
and it was observed that there was mingled with the ashes 
some snbstance which had a glassy appearance : it was really 
glass. Yon see the explanation of this. The ashes fur-' 
nished the alkali, and the sand fnmished the silica to make the 
silicate, that is, the glass. If this be true, it is one of many 
examples we have illostrating the fetct that much can be 
learned by thinking about the common things we see. 
Be not, then, mere sight-seers as yon go through the 
world, but observers; and observe little things as well as 
great. 

We have clay in earthenware. It is quite pure in porce- 
lain, and very impure in flower-pots and bricks ; that is, it is 
mingled with other things, sand, etc. 

Clay, like glass, is a silicate. Perfectly pure clay is a 
silicate of alumina. But all clay, as we find it, contains 
silicates of lime, of potash, etc. 

The brownish-red colour of bricks and fiower-pots is 
owing to rust of iron in the clay. 

Flower-pots and bricks, you know, are porous, and there- 
fore water will soak into them. But generally it is necessary 
to have earthenware so made that no fiuid can pass through 
its pores. It would not answer to keep preserves in jars 
of porous earthenware. The watery part would gradually 
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escape througli the pores, and the preserves wonld be- 
come dry. 

This can be remedied by glazing the surface of the earthen- 
ware ; that is, a glass surface is given to it, which may be 
done in various ways. One method you will be interested 
in, because you can understand the chemistry of it. Fumes 
of common salt are made to surround articles of earthen- 
ware when they are very hot. Now salt is composed of the 
gas chlorine and the metal sodium. I told you a little about 
chlorine on page 110, and I shall tell you more particularly 
about it in the next chapter. You learned something about 
sodium in Chapter XIII. In the glazing, chlorine leaves the 
sodium to unite with some of the iron in the earthenware. 
Then the sodium, thus left by the chlorine, becomes soda 
by taking some oxygen ; and this soda unites with the silica 
in the earthenware to form a silicate of soda, thus making a 
soda glass, as we may call it. So, a coating of this glass is 
over the articles. 

Another mode of making earthenware impervious to 
water is to make the ware partly earthen and partly glass. 
The ingredients are so selected that you may have the 
silicates of lime, potash, etc., of which glass is made, 
thoroughly united with the silicate of alumina or clay. This 
stops all thfe pores, and does not merely shut those which 
are outside, as glazing does. 



CHAPTER XXIII. 

CHIiOBINS, BIiEACHIl^a. AND COMMOV SALT. 

9 

The salts noticed in the preyiona chapters are made with 
acids ; but there are salts in which there is no acid. These 
are formed by the union of certain simple substances with a 
metal. Common salt is one of them. In this substance 
we haye, as stated in the previous chapter, the metal sodium 
united with a very singular gas called chlorine, and so the 
chemists call salt chloride of sodium or sodic chloride. 

You remember that all compounds of the gas oxygen 
formed with metals are called oxides, so all compounds of 
this gas chlorine are called chlorides. Salt is a chloride of 
sodium, as soda is an oxide of sodium. 

Before I tell you about salt I will speak of the gas chlo- 
rine. It is of a greenish-yellow colour, and has a powerful 
and very peculiar odour. Even when diluted with a con- 
siderable quantity of air it is very suffocating. If breathed 
without any air mixed with it death would ensue. Yet to 
breathe a very little of it, mixed with a great deal of air, 
does no harm. 

Chlorine is of great use in purifying foul air. You perhaps 
have seen chloride of lime, moistened, set round in dishes 
where there is sickness of such a kind as to cause bad odours. 
It is the chlorine that purifies the air. The little chlorine 
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that escapee does no hann, for it is very largely diluted 
with air. 

The odour of this gas is so pecniiar that if you have ever 
smelled it once yoD always know it afterwards. Yon smell it 
wherever there is bleaching of cloth going on. You smell 
it, therefore, in paper mills, for the rags out of which the 
paper is made are bleached by it. 

I will tell you about this bleaching. If yon put a dry 
coloured calico rag into a jar of chlorine gas, no effect will 
be produced on the colours ; bnt moisten the rag before it is 
put in, and the colours will be extracted by the chlorine. 

By a method of making chlorine Fig. 44, 

gas, of which you will read pre- 
sently, let some be made from the 
contents of a small saucer, as you 
see in Fig. 44. Place some flowers 
in a vessel by the side of the chlo- 
rine, covering the sancer and 
flower-pot with a bell-glass, the 
chlorine will soon bleach the Sowers, 
and make them white. 

Chlorine gas dissolves in water. A calico rag dipped in it 
is very soon made white. It will take ont ink-spots also. 
It has no eflect upon printers' ink, however, nor can it bleach 
woollens. 

You see the great usefulness of chlorine in making paper. 
White paper can be made out of all rags, from which the 
colours can be removed by chlorine. Yon see, too, its use- 
fulness in whitening cloth. Formerly cloth was spread 
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upon grass for sun, rain, and dew to whiten. This, called 
grass-bleaching, took weeks ; but, with the quick bleaching by 
chlorine, we can do the same thing in a few hours. Some 
care is required not to have the chlorine water too strong, 
and to get all the chlorine out of the cloth after the 
bleaching. 

How chlorine bleaches you are not sufficiently advanced in 
chemistry to understand. 

Chlorine, can be thus made. Pour into a pint vessel two 
tablespoonfuls of common sulphuric acid, and add a little 
more than the same quantity of chloride of lime, or bleaching 
powder. Add the powder gradually, covering the bottle with 
a slip of glass each time after dropping some in. Chlorine 
made in this way will answer for many experiments. 

The explanation is this : Sulphuric acid, having a stronger 
affinity for lime than chlorine has, takes the lime and unites 
with it. Chlorine, being thus separated, fills the vessel. 

Another method is to put some black oxide of manganese 
into a flask, and pour in enough hydrochloric acid to cover 
the oxide. In Fig. 45 the flask (a) is made with a bend in the 
neck, such a flask the chemist calls a '^ Betort." Gentle heat 
must be applied, and the gas will pass over into the bottle (b) 
which is placed to receive it. You observe that the tube 
passes far into the bottle. This is in order that the chlorine 
gas may push up the air. Chlorine is two and a half times 
as heavy as air, and so has no disposition to escape upward. 
You can tell when the bottle is full by the colour. When 
full take it from the tube, cork it, and place the tube in 
another bottle. 
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The explanation of this formation of chlorine is easy. 
The oxide of manganese has oxygen in it, while the hydro- 
chloric acid is composed of hydrogen and chlorine, as yon 
learDed on page 110. The hydrogen of the acid nnitea with 
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the oxygen of the oxide of manganese, so the chlorine of the 
acid is set at liberty. 

Although chlorine gas is destructive to life when breathed, 
yet it supports combustion. If a taper be introdnced into a 
bottle of this gas, it burns with a dull red flame, and a 
thick cloud of smoke. The explanation is this : Chlorine has 
a Btrong affinity for hydrogen, but very little for carbon. 
It therefore unites with the hydrogen of the taper or candle, 
and the flame, heating the carbon that is with the hydrogen 
in the taper, sends it upward in a dense smoke. 

So, also, if a slip of paper, moistened with oil of tur- 
pentine, be introduced into a bottle of chlorine, the hydrogen 
of the turpentine will burn, while its carbon will pass off 
nnburnt in a large quantity of very thick black smoke. 
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See how very widely the ingredients of salt differ from the 
componnd which they make. Chlorine is a gas of most 
powerful odour, and very suffocating. Sodium is a metal 
which if put on your tongue would take fire. Yet this gas 
and metal together form a very mild, pleasant salt, which 
is everywhere part of the food of man and beast. 

Salt is found in all parts of the world. In some parts 
there are vast deposits of solid salt. The most famous are 
those of Poland and Hungary and Cheshire. Though salt 
has been taken from the salt-mines of Cracow for centuries, 
it is supposed that there is enough to supply the world for 
centuries more. Some parts of these mines have been 
shaped into beautiful forms as the salt has been taken out. 
Chapels, halls, etc., have been made, the roof being supported 
by huge pillars of salt. When lighted by lamps and torches 
the appearance is very splendid. 

Large lakes of very salt water exist in many parts of 
the earth. 

In England most of our salt is obtained from salt-springs, 
[f he most noted of these are in Cheshire. Where the name 
of a place ends in wich^ as NorthwtcA, Droitti?icA, etc., you 
may know that salt either has been or is now found there. 
There is between eight and nine times as much salt in the 
water from these springs as there is in sea-water. To get 
the water, or brine as it is called, from the springs, wells are 
dug, and the brine is pumped up by machinery, and con- 
ducted to boilers. Here the water is driven off by heat, but 
sometimes the salt is obtained from the brine by a slower 
process. The brine is exposed to the sun in extensive 
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shallow yats, called evaporating pans, and the water gradually 
passes off into the air, leaving the salt behind. In hot 
climates, salt is often obtained in this way from sea- water. 

I will notice here a salt called chlorate of potash or 
potassic chlorate. If you remember what I told you about 
the names of salts, you can tell by the name of this salt 
what its composition is. The termination ofe, you know, 
always indicates the presence of an oxygen acid. The acid 
in this case is chloric acid, it being chlorine and oxygen 
united, and this, with the oxide of potassium, makes chlorate 
of potash. This salt has much oxygen in it; hence it is 
used in obtaining oxygen. I told you how we obtained 
oxygen on page 9. 

This salt sometimes makes part of the mixture put on the 
ends of friction matches. It causes the phosphorus to take 
fire more easily than it otherwise would. Why ? Because 
it gives oxygen to the phosphorus, and thus this substance 
having at once more oxygen than it can get from the air 
alone, burns very readily. 



CHAPTER XXIV. 

CHLORIDES, IODIDES, BBOMIDES, AND SEA-WATEB. 

I HAVE, in the previous chapter, told you about one chloride, 
the chloride of sodium. But there are other chlorides, for 
chlorine unites with many of the metals. With some it 
unites with such eagerness that they burn. Thus, if a fine 
powder of the metal antimony be sprinkled into a jar of 
chlorine gas, each particle will take fire. You will therefore 
have a shower of fire in the jar, and a white smoke issuing 
from it. This smoke is composed of very small particles 
of chloride of antimony, for, in burning, the chlorine and 
antimony unite. 

There are two chlorides of mercury, very different from 
each other. One is calomel, and the other is corrosive 
sublimate. The difference in their composition is that the 
corrosive sublimate has exactly twice as much chlorine in it 
as calomel. Calomel is called the chloride of mercury, while 
the corrosive sublimate is the bichloride. This difference in 
the proportion of chlorine makes a great difference in the 
qualities of the two substances. Corrosive sublimate is very 
soluble in water, but calomel will not dissolve. Corrosive 
sublimate is a violent corrosive poison. If swallowed it 
burns the stomach and the passage to it. But calomel is a 
white powder like flour, and produces no irritation when 
taken into the mouth. 
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While chlorine makes with sodium a mild salt, it forms 
with zinc a caustic, that is a burning one. Chloride of zinc 
is very frequently used by surgeons as a caustic. 

There are many other chlorides, but it would not at 
present be interesting to you to hear about them. 

There is another substance, similar to chlorine in many 
respects, in sea-water and in sea-plants. It is called iodine. 
It exists in sea-water combined with the metals sodium and 
potassium, as chlorine is combined with sodium. It is also 
found in many of the productions of the sea, as sea- weed, 
sponge, etc. In Scotland the preparation of sea- weed, called 
" kelp," is a large business. Iodine is used in the process 
of dyeing and in the making of photographic pictures, also 
in medicine. Iodine is a solid substance, like black-lead, 
but darker in colour. If heated it turns into a splendid 
purple vapour or gas, which is one of the heaviest of the 
gases. If you put a few grains of it in a jar, and place the 
jar in a sand-bath,* warmed by a spirit lamp, the jar will 
be filled with beautiful violet vapour. The air in the jar, 
being very much lighter than iodine vapour, is pushed 
by it out of the jar. When the jar is full of the vapour, 
place a piece of glass over it, and take it from the sand 
bath. 

A taper vrill burn in this vapour, but not as brightly as 
in the air ; but a piece of phosphorus will take fire of itself 



* A sand-bath is simply fine sand in a didh. The object is to apply the 
heat gradually* Tbis can be done, however, with a spirit lamp alone, by 
keeping it at a little distance from the glass jar. There is an exuniple of a 
siiid-bath in Fig. 45, p. 141. 

L 
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in it, so eager are the iodine and phosphorus to nnite. If 
Rome iodine be placed in a jar upon a little stand, with a bit 
of dry phosphorus upon it, so much heat is caused that they 
take fire, and a smoke arises. This smoke is partly the 
violet vapour of the iodine and partly the white fumes of 
phosphoric acid ; for phosphorus, in the burning, unites with 
the oxygen of the air to form phosphoric acid, and with the 
iodine to form iodide of phosphorus. While the acid flies off 
with the iodine that is turned into vapour by heat, iodide of 
phosphorus remains on the stand. 

As chlorine forms chlorides with many of the metals, so 
iodine forms iodides with them. The iodide of potassium is 
a very valuable medicine. Iodine forms two iodides with 
mercury, one of which is of a brilliant scarlet colour. The 
iodide of silver is made use of in daguerreotyping. 

There is another very eingnlar substance in sea- water 
called bromine. This is a very heavy, reddish-brown liquid, 
giving out a deep orange-coloured fume. The quantity of 
bromine in sea- water is very small. It seems to be quite 
essential, however, for it is always present. It is also in 
salt springs. Wherever chlorine is, bromine is with it. It 
must be of some use in sea-water, but what we know not. 
It never exists in sea-water as bromine, but always in 
combination with such metals as sodium and magnesium, 
making bromides. Chemists can separate it from these. 
This very singular substance is a poison. A single drop put 
in the bill of a bird destroys life at once. 

The three substances of which I have spoken in this and 
the previous chapter, chlorine, iodine, and bromine, are 
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peculiar to sea- water. They are always united with other 
substances, making compounds, chlorides, iodides, and bro-* 
mides. The source from whence the water of the sea has so 
much of these and various other mineral substances is, that 
in the sea are collected washings from all kinds of rocks, 
sand, and earth. The diflferent salts thus collected and 
dissolved in the sea are these : chloride of sodium or common 
salt, chloride of potassium, chloride of calcium, chloride of 
magnesium, sulphate of lime or gypsum, sulphate of mag- 
nesia or Epsom salts, carbonate of lime or chalk, carbonate 
of magnesia. These are always present in sea-water. 
There are various other substances which are present in 
more or less quantities. 

We can see of what use in the sea some of these substances 
are. For example, we can see of what use carbonate of lime 
is. All those animals that live in shell houses, as I told you 
in Chapter XXI., need carbonate of lime in the water that 
they drink, so that it may get into their blood, and be used 
in making their shells. 

Most of the solid matter that is dissolved in sea- water is 
common salt. Next in quantity are the compounds of mag- 
nesium — the chloride of magnesium and the sulphate and 
carbonate of magnesia. It is these that give the bitter taste, 
especially the sulphate of magnesia or Epsom salts. 

There is a comparatively small amount of these saline 
matters in rivers, because the water in them is always 
flowing into lakes and seas ; and there is little in lakes, 
because the water is running out of them as constantly as it 
runs in. 
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There are, however, inland seas and lakes that contain 
more saline matters than the ocean itself. This is. partly 
because they have no outlet, and partly because there is 
much salt in the neighbourhood. The Caspian Sea, the 
Dead Sea, and Lake Aral are of this kind. 

All saline matters in rivers, lakes, and seas, were once in 
rocks, and were carried oiF by the washing of the waters. 
But, before this was done, they were in various ways broken 
from the rocks and ground, so as to make a part of the earth 
under our feet. Here water found them, and carried them 
into the brooks, rivers, and seas. 

But much is returned from the water to the earth again. 
I will give but one example. Coral animals take carbonate 
of lime which the earth supplies to the water, and give it 
back to the earth in reefs, islands, and peninsulas. 
* The more salt there is in water the more dense it is, and 
therefore the more it will bear up heavy substances. Thus a 
man floating in ordinary water has a part of his head above 
the surface, but in water of the Dead Sea it requires no 
effort to keep almost to the height of his breast out of the 
water. A ship there could carry a cargo which would sink 
it in river water. 

There are some pretty experiments which show the 
difference between salt and fresh water in regard to floating 
substances. Suppose that you have an egg in a jar half full 
of water. The egg will be at the bottom of the jar, for it is 
heavier than water. Pour now some strong brine, which 
is a mixture of much salt in water, down a long tube to the 
bottom of the jar. The brine will force up the lighter water, 
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and with it the egg. Thus the egg will remain at the 
bottom of the fresh water, floating on the brine. 

If you take two jars, putting into one brine, which appears 
like water, and in the other water oiily, you will find that 
the egg floats on the surface of the brine, but sinks to the 
bottom of the water. 



CHAPTER XXV. 

SOLUTION AND ORYSTAIiIiIZATION. 

There is a great diflference in the oxides and salts in regard 
to being dissolved. Some of them will not dissolve, some 
sparingly, and water takes in large quantities of others. 
Calomel, for example, which is a chloride of mercury, is 
perfectly insoluble ; that is, not a particle of it can be dis- 
solved in water. But corrosive sublimate, the bichloride of 
mercury, is very soluble. Magnesia, an oxide of the metal 
magnesium, is insoluble. But potash, which is an oxide of 
the metal potassium, is exceedingly soluble. It is very eager 
for water, and if exposed becomes dissolved in the moisture 
gathered from the air. It can be dissolved in half of its 
weight of water; that is, a pound of water dissolves two 
pounds of potash. Now lime, which is another oxide, likes 
water, but a thousand pounds of water are required to com- 
pletely dissolve one pound of lime. 

The Creator has made this great difference between potash 
and lime in regard to solubility, for we may be sure the 
difference is needed. For example, lime is used in plastering 
walls, but it would not answer if, like potash, it gathered 
water from the air and was dissolved. But for the uses to 
which potash is applied it should dissolve easily. For 
instance, it is used in making soap, and must be soluble. 
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Salt dissolves easily, but not as easily as potash. We 
want to keep salt dry, and this we could not do if it were 
as fond of water as potash. It sometimes troubles us by 
gathering moisture from the air, but this is only when 
the weather is damp; that is, when the air has much 
water in it. 

Let us compare two carbonates in regard to solubility, 
carbonate of soda and carbonate of lime. Carbonate of soda 
is very soluble. This is convenient for the uses to which 
man puts this salt. But carbonate of lime, which appears 
in the forms of chalk, limestone, marble, etc., is very sparingly 
soluble. This salt, you know, makes the shells of oysters 
and other shell-fish. It would not be well to have their 
shell houses made of a material that water could dissolve 
easily. And yet, if carbonate of lime were not somewhat 
soluble, how could it get into the blood of these animals so 
that it can be made into shell? You see, then, that the 
Creator has made this exactly right. 

But it would be injurious to have so much carbonate of 
lime in water as there would be if it were very soluble. 
The rain that falls upon chalk and limestone, which here 
and there form rocks and hills and even mountains, washes 
down a little, carrying it down streams into the ocean. 
That little is enough for building the houses of shelled 
animals and other purposes. If carbonate of lime were very 
soluble there would be more than enough. When well-water 
is what we call "hard," it is generally because there 
happens to be carbonate of lime in it. 

Silica, like carbonate of lime, is sparingly soluble. Sup* 
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pose it were not soluble at all ; all grass and grain would lie 
flat on the ground, for it is silica that gives them the firm- 
ness by which they stand up. 

When water has dissolved as much of a substance as it 
can, we call it a saturated solution. This word comes from 
a Latin word which signifies io satisfy. Water is more 
easily satisfied or saturated with some substances than with 
others. Potash and lime are in strong contrast in this 
respect ; half a pound of water will not be satisfied till it 
has dissolved a pound of potash, while a thousand pounds of 
water will be satisfied or saturated with a pound of lime ; 
that is, it takes two thousand times as much pojbash to 
saturate water as it does lime. 

Observe what it is to have a solid substance dissolved in 
water. Some solid substances can be mixed very thoroughly 
with water by reducing them to powder, and yet they do 
not dissolve. Thus calcined magnesia is readily mixed with 
water, but it is not dissolved. But a substance that dissolves, 
disappears. You cannot see it. K it have colour, yon see 
that in the water, but not the little grains or particles, as 
you do in the case of magnesia. A perfect solution is clear 
and transparent. The substance dissolved is much more 
finely divided than when only mixed in water; if the solution 
be left to stand, the solid substance remains, as we may say, 
hidden a^iong the particles of the water. None of it settles 
unless some of the water is evaporated ; and the more the 
wat^r evaporates, or flies off into the air, the more will the 
dissolved substance settle. If the substance dissolved be a 
coloured substance, it colours the fluid uniformly through- 
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out, the minute particles of it being diffused eyerywhere in 
the fluid. 

As water dissolves solids, so air dissolves water. In the 
clearest day when the air appears to be dry, there is water 
in it ; you do not see it for the same reason that you do not 
see a solid substance when dissolved in water. Water is 
dissolved in air ; and hot air dissolves more water than cold, 
just as hot water dissolves more alum than cold water. 
When water gathers on the outside of cool tumblers in hot 
weather, it is because the hot air around the tumblers has 
so much water dissolved in it ; and when some of this air is 
cooled by touching the outside of the tumbler the dissolved 
water is separated and rests on the tumbler. 

As crystals are often formed from solutions, it is proper 
to speak here of crystallization. 

Hot water dissolves twice as much alum as cold water. 
If you dissolve much alum in hot water, that is, make a 
saturated solution, when the water becomes cold half of th^ 
alum will become solid again ; and in doing so it will gather 
in crystals upon the bottom and sides of the vessel. If you 
suspend -a wire in the vessel of dissolved alum, as it cools 
the crystals will collect upon this wire. You have perhaps 
seen baskets made of alum or other crystals. They were 
made in this way : a basket, made of thin wire, was sus- 
pended in a hot solution of alum, and crystals formed upon 
all parts of the wire. 

When the substance used dissolves as freely in cold as in 
hot water, as is the case with common salt, crystallization 
is produced only by evaporation ; that is, the water passes 
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away as vapour in the air, and the salt being left reappears 
in its usual crystalline form. 

How beautiful and curious a process crystallization is ! 
In what exact order are the particles arranged to make snch 
very smooth surfaces and such straight edges! They are 
particles, remember, so small that we cannot see them even 
with a powerful microscope ; and yet, in making a crystal, 
each one takes its right place. Sometimes this arrangement 
of particles is quickly done. The most familiar example we 
have of this is in water, for on taking up a pitcher of water 
on a very cold morning, part of the water turns all at once 
into crystals, which shoot across in every direction. If you 
pour out the water remaining fluid, you can see the crystals. 
The explanation of the phenomenon is easy — the water in 
the pitcher during the night became freezing cold, but it 
was perfectly still, and so the particles of the water remained 
still ; but shaking the pitcher caused the arrangement in a 
solid crystalline form. 

There is the same quick formation of crystals, on a large 
scale, in every snow-storm. Clouds are reservoirs of water 
from which snow is made, the water being in the form of fog ; 
and particles of this fog are in a snow-storm continually 
arranging themselves in crystals, and so fall to the earth. 

There are great varieties in crystalline arrangement. I 
will point out some of them. Mica is arranged in leaves 
which you can peal off exceedingly thin. This mineral is 
used for windows in stove doors. The pieces employed 
for this purpose are really made up of very many of these 
thin leaves. Crystals of common salt are exactly square 
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blocks. Crystals of Iceland spar are not square like those 
of salt, but they are sloping. These are but three of the 
very many varieties that occur in the shapes of crystals. 
Sometimes the same substance appears in different forms. 
This is the case with gypsum, as noticed on page 121. The 
various forms and arrangements of crystals of water in snow 
and frost are very beautiful. 

In the crystals of some salts there is water, but in others 
there is none. In carbonate of lime there is no water, but 
only carbonic acid and lime. In carbonate of soda there is 
more water than there is of carbonic acid and soda together. 
In 100 pounds of this salt there are 63 lbs. of water. Yet the 
crystals are dry crystals ; for the water is a part of the solid 
substance, locked up with the carbonic acid and the soda. 
By heating you can get this salt without any water in it ; 
but the first thing done on applying the heat is to melt the 
salt in its own water. As heat is continued this water is 
evaporated, and the powder of the salt is left behind. It is 
no longer crystalline ; for it cannot be so without its supply 
of water, which chemists call waJter of eryataUization. When 
this term is used in regard to any substance, we mean 
the water which is contained by it when in a crystalline 
form. 

Nitrate of potash, or saltpetre, has no water in it. If it 
had, it might not answer for making gunpowder. Nitrate 
of soda has no water in it, and it would do for making gun- 
powder as well as nitrate of potash, were it not for ^one 
thing: it gathers moisture from the air. This would not 
answer for gunpowder, for that must be kept dry. A salt 
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which thus gathers moisture is said to deliquesce— a word 
which comes from a Latin word meaning to melt. A salt, 
on the other hand, which on exposure loses its water of 
crystallization, and changes from a crystal into a powder, is 
said to effloresce. Crystals that do this have a mealy powder 
gradually forming on their surface. The word effloresce 
cOmes from the Latin word meaning to flower. It is as if 
the ..mineral flowered. 

Many metals show crystals. In the formation of the 
lead-tree described on page 126, lead becomes crystalline. 
The tree is made of crystal joined to crystal. If you bend 
a bar of tin it gives a peculiar sound, which has been called 
the cry of tin. This is supposed to be produced by the 
rubbing upon each other of the little crystals of which the 
metal is composed. You can see the crystals of tin beauti- 
fully developed by a very simple process. Take a piece of 
ordinary tin, which is a sheet of iron .covered with tin, heat 
it over a lamp till the coating of tin melts; let it cool 
quickly, and wash the surface with a little aqua regia^ the 
acid mixture mentioned on page 111. 



CHAPTER XXVI. 

CHBMICAIi AFFINITY. 

I HAYE told you about chemical affinity on pages 94 and 
123, but we will now consider it more particularly. 

As you have already learned, when one substance chemically 
unites with another, it is said to have an affinity for it, or 
the two substances are said to have an affinity for each 
other. Sometimes one expression is used, and sometimes 
the other. 

The strength of the liking or affinity is very different in 
different cases. I will illustrate this. Iron and oxygen 
have an affinity for each other, but it is not very strong, 
and therefore works slowly. It takes time for iron exposed 
to the air to rust. Now look at the metal potassium in 
contrast with this. As soon as it is exposed to the air 
oxygen begins to unite with it. It tarnishes at once, and 
is soon turned into potash ; that is, the oxygen of the air 
has united with the metal. So ready is potassium to unite 
with oxygen, that if it be thrown upon water it takes the 
oxygen away from the hydrogen of the water ; and so quickly 
that the hydrogen bursts into flame. Even the coldness of 
iee vrill not prevent this, for if potassium be thrown upon 
ice, it will even then take oxygen out of the ice, and cause 
the hydrogen to burn. 
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But iron and oxygen do not always unite slowly. Intro- 
duce them to each other in a very hot place, and they will 
quickly unite. You have seen this in burning iron or steel 
in oxygen gas. Turn to page 12. When you strike fire 
with the iron heel of your shoe, the fire does not burn on the 
heel. The heat produced by the blow only makes a single 
little particle fly ofif, and it burns as it flies. 

In one of the ways of obtaining hydrogen, as described on 
page 52, Fig. 24, we see how the affinity of iron for oxygen 
is increased by heat. As steam, that is, vaporized water 
passes among pieces of iron, the iron takes oxygen from the 
hydrogen and lets the hydrogen go on alone. It takes the 
oxygen very quickly; but observe, it does not set fire to 
the hydrogen, as the potassium did. 

What are called the noble metals — gold, silver, mercury, 
and platinum — have almost no affinity for oxygen. Not 
even heat can make them oxidize. You may expose gold 
to the hottest fire, and oxygen does not unite with 
it. If mercury be heated it will pass into the air finely 
divided as vapour, but it does not unite with the oxygen in 
the air. 

I have told you, in Chapter III., how difficult it is to make 
oxygen and nitrogen unite, and have given there some 
reasons why it should be so. 

Phosphorus and oxygen, however, unite so readily that a 
little quick rubbing of a match that has phosphorus on the 
end of it will set it on fire. The phosphorus on the match 
is not alone, but is mixed with other substances. In this 
mixture there is very commonly chlorate of potash, a salt 
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that I told you about on page 143. There is a plenty of 
oxygen in this, and why it is put with the phosphorus I have 
already told you, on page 108. 

While heat sometimes operates in favour of chemical 
affinity, it sometimes operates against it, and then it tends 
to produce decomposition. In carbonate of lime there is 
carbonic acid and lime united by chemical affinity; but 
apply great heat to it, as stated on page 117, and the union 
will be broken. The carbonic acid will pass into the air, 
leaving the lime alone. Heat in this case overcomes the 
affinity and decomposes the salt. 

But heat does not drive the carbonic acid from carbonate 
of potash. To do this, you must introduce an acid that has 
a stronger affinity for potash than carbonic acid has. Acetic 
acid, as you saw in the experiment noticed on page 118, and 
tartaric acid will do it. 

When we want carbonic acid gas for certain purposes, we 
use the bicarbonate of potash. This has twice as much 
carbonic acid as the common carbonate has. People often 
use it in making bread and cake, introducing some acid to 
take the potash, that the carbonic acid gas may be set free 
and raise the dough. Sour milk is sometimes employed to 
decompose the bicarbonate. 

When we separate carbonic acid from carbonate of lime 
very great heat is required. But we can separate it by 
using an acid which has a stronger affinity for lime than 
carbonic acid has. This is illustrated in the mode of 
obtaining .carbonic acid gas, described on page 28. The 
muriatic iicid takes the lime and the carbonic acid goies. 
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The same can be done with stilphnric acid, for this has a 
greater affinity for lime than carbonic acid. 

Solid snbstances generally require water to make their 
affinities operate. If two powders, tartaric acid and bicar- 
bonate of soda, be mixed together dry, there will be no 
action ; but if dissolved, as stated on page 119, as soon as 
the solutions are mixed the tartaric acid takes the soda, and 
carbonic acid, thus released from the soda, efifervesces. So 
if you make one heap of the two powders all will be quiet ; 
but pour water on the heap, and there will be a great dis- 
turbance as the water introduces tartaric acid to the soda, 
and carbonic acid has notice to quit. Why the difference ? 
It is because in the dry state the particles do not get near 
enough. Very fine powders look coarse when examined by 
the microscope ; but the same substances dissolved in water 
are more minutely divided, and so are nearer to each other. 

Heat, then, sometimes favours and sometimes opposes 
chemical affinity. Indeed, heat and electricity generally ac- 
company chemical combination. Generally, in burning, heat 
is produced owing to the rapid union of oxygen with the 
burning substance. Thus, if carbon is burned, the carbon 
uniting with oxygen causes heat. Heat here comes from the 
affinity of carbon and oxygen for each other. So, when water 
and lime are mixed, as in the making of mortar, great heat 
is produced by the action of the affinity. Sulphuric acid and 
water have a strong affinity, and, as stated on page 107, 
when they are mingled considerable heat is caused. 

Chemical affinity is definite in its operations. It does 
not cause substances to unite in all proportions. If two 
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substances unite to form different compounds, the proportions 
are so regular that they can be represented by whole 
numbers. I have already told you about this in regard to 
some compounds. For example, the bicarbonate of soda has 
exactly twice as much carbonic acid in it as the carbonate 
has (page 119), and the bichloride of mercury has twice as 
much chlorine as the chloride. So, too, in the five com- 
pounds of oxygen and nitrogen (page 21), the proportions 
of oxygen are exactly as 1, 2, 3, 4, and 5. 

Observe in regard to the compounds of oxygen and 
nitrogen, that the nitrogen is of the same amount in all. 
The difference of proportion is in the oxygen. Of the five 
compounds there is most oxygen in nitric acid, and least in 
nitrous oxide or laughing gas. In nitrous oxide the pro- 
portion of oxygen is as 8 to 14 ; that is, in 22 pounds of 
nitrous oxide there are 8 of oxygen and 14 of nitrogen. 
But as in nitric acid there is the same amount of nitrogen, 
but five times as much oxygen, the proportion of oxygen to 
nitrogen in this acid is as 40 to 14; that is, while there 
are 8 pounds of oxygen and 14 of nitrogen in 22 of nitrous 
oxide, there are 40 of oxygen and only 14 of nitrogen in 54 
of nitric acid. Can you tell me, then, how much there is of 
oxygen and of nitrogen in 108 pounds of nitric acid? You 
can easily answer this question if you apply a very early 
Eule of Arithmetic, and make a " statement " as is sometimes 
done in the " Eule of Three," thus : 

As 54 : 108 : : 40 : amount of oxygen. 
— 54 : 108 : : 14 : amount of nitrogen. 

M 
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The proportions of the different compounds of oxygen and 
nitrogen may be stated thns : 

Nitrogen. 0xyg*n. 
In 22 lbs. of Nitrous oxide there are 14 lbs. and 8 lbs. 
80 . Nitric oxide ... 14 „ 16 
S8 . Hypoiiitrous acid . 14 ,. 24 
46 , Nitrous acid ... 14 ,, 32 
54 . Nitric add ... 14 „ 40 

Or you may reason out the result thus : 

If in 54 pounds of nitric acid there are 40 pounds of oxygen 

Then in 1 ^ „ 

And in 108 ISii^P 

That is iu 108 80 



The difference in the proportion of oxygen is exactly 
as 1) 2, 8, 4, and 5. There is no variation from this. You 
cannot make 8J pounds of oxygen unite with 14 of nitrogen. 
The 14 pounds of nitrogen will not take a jot more than 8 
of oxygen. To make it unite with any more, you must give 
it twice as much, 16 pounds, and then it will make nitric 
oxide ; or 24 lbs., and then it will make hyponitrous acid, 
and BO on. 

Compounds differ from mixtures in these fixed and definite 
proportions. You can mix alcohol and water in all propor- 
tions. The same is true of the mixtures of metals called 
alloys ; but in forming real compounds, substances unite in 
eojo^ proportions. 

We see in this exactness of proportions, as we do in 
crystallization, what order prevails in creation. Nothing is 
left loose and indefinite, as is too often the case with many 
of the arrangements of man. Amid all the changes of 
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matter, whether taking place in quiet, or in the agitation of 
combustion, or even explosion, there is always in the com- 
binations that occur a strict compliance with the arithmetical 
proportions that I have indicated* Thus are minute particles 
and immense worlds arranged alike in perfect order. 



CHAPTER XXVII. 

WOOD. 

So far I have told you about the chemistry of mineral 
substances ; that is, substances which neither have life nor 
are produced by the operations of life. Most people, when the 
term mineral substances is used, think of solid substances ; 
but air and water are as really minerals as the crystals you 
see in a cabinet, or the rocks and stones that you see. Wood, 
sugar, starch, gum, skin, flesh, etc., on the other hand, are 
not mineral, for some of these have life, and all of them 
are produced only by the operations of life in either vege- 
tables or animals. It is to this chemistry of life, as we may 
call it, that we shall attend in the few remaining chapters. 
I shall begin with the chemistry of vegetables. 

Something about the chemistry of vegetables was told in 
speaking of carbon as entering into leaves and making part 
of the wood of trees. Now wood is composed of carbon, 
oxygen and hydrogen — of a solid united with two gases. 
When we make charcoal, as I described on page 24, we 
decompose the wood. We send oxygen and hydrogen into 
the air by heat, and carbon is left. 

Though wood can thus be decomposed, you cannot take 
the ingredients and unite them so as to make wood. If 
powdered charcoal be mixed with water, there are the in- 
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gredients of wood together; but you cannot make them 
unite to form wood. So you have the ingredients of wood, 
if charcoal be put into a jar filled with oxygen and hydrogen, 
but they do not turn into wood. If you light the charcoal 
before putting it into the jar, an effect will be produced, 
but XLO wood made; an explosion takes place, the oxygen 
and hydrogen unite, forming water, and some of the oxygen 
uniting with the charcoal forms carbonic acid gas. So if 
you take carbonic acid gas, and mingle it with hydrogen, 
you have the three ingredients of wood, carbon, oxygen, and 
hydrogen, but they do not make wood. 

See how different this is from what we can do with some 
of the minerals. For example, take sulphate of copper or 
blue vitriol: this is composed of three things, sulphur, 
oxygen, and copper. Now we can make sulphur and oxygen 
unite to form sulphuric acid, and this acid will unite with 
the copper, forming sulphate of copper. 

Although we cannot make the ingredients of wood unite 
to form wood, it is done in the tree. Let us see how. Much 
of the carbon is furnished from the air, being taken in by 
the leaves, as you learned in Chapter VII. Then the water 
coming in the sap from the roots furnishes oxygen and 
hydrogen; for water, you know, is composed of these two 
gases. We may say then that the tree makes its own wood 
out of charcoal and water. 

Wood in every tree is composed of carbon, oxygen, and 
hydrogen, and there is more difference in the ways in which 
wood is put together in different trees than you would 
suppose from looking at the outside, or from seeing the 
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wood itself with the naked eye. The microscope shows very 
great differences. In order to see them, exceedingly thin 
shavings of various kinds of wood, are cut with a very sharp 
instrument across the grain of the wood. On examining 
these with the microscope, they are so much magnified that 
we can see how each kind of wood ia put together. In 
some, as the pine, there is a very open network, with here 
and there large round openings, while in other more solid 
woods the spaces are much less. These spaces have great 
variety of arrangement, and in some cases the arrangement 
is exceedingly beautiful. 

Bearing in mind that in all these varieties there is really 
the same composition, is there anything you can remember 
of what I have told you that is somewhat like this ? Can 
you recollect any mineral substance which appears in various 
forms, and yet in composition is the same in all forms, as 
wood in its forms ? I will mention one, gypsum, noticed on 
page 121, and perhaps you can remember some others. 

But there is still greater variety in wood than I have yet 
told you. The bark of trees is wood, only in a different 
form from that which it covers. Hold a leaf so that light 
can shine through it. That delicate framework you see 
is a wooden framework. More than this, the skin of the 
leaf and its filling up are wood. The whole is wood except 
the sap, and that which gives it its beautiful colour; and 
what I have said of leaves is true also of fiowers. The most 
delicate flower you can find is made of wood — very, very 
fine and delicate is such wood, and yet it is wood. 

You see a hyacinth growing in a glass vessel in which is 
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nothing bnt water. The plant is little else than wood filled 
in all its cells with water. See how this wood is formed, 
water furnishes oxygen and hydrogen, and carbon comes 
from the air. 

Every stalk of grain and grass is chiefly wood. In both 
cases fine particles of flint are scattered in the wood to make 
it firm enough to stand even in a gale of wind. 

Mnch of the clothing you wear is nothing but wood. 
You can hardly believe this ; but so it is. A shirt, whether 
made of cotton or linen, is a wooden shirt. Cotton or linen 
fibre is woody fibre. It is composed of carbon, oxygen, and 
hydrogen in exactly the same proportions with what we 
call wood. 

You remember I told you in a previous chapter about the 
old-fashioned tinder-box, charred or scorched linen was 
always kept in the box to catch the spark from the steel. 
This is really charcoal, made from linen, just as we make 
charcoal from wood — that is, by a partial burning. It was 
used instead of common charcoal because being so fine 
sparks readily set fire to it. 

All paper is wood. When fine as writing paper it is made 
of cotton and linen rags, and these are wood. If you tear 
a piece of letter-paper, and look at the torn edge through a 
magnifying glass or a microscope, you will see very plainly 
the woody fibres pointing in all directions from the edge. 

All the framework, as we may call it, of fruits is wood. 
All the partitions in fruits are wooden partitions. The 
orange, you know, is divided into several parts by partitions. 
These are of wood. The juice of an orange is inclosed in 
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thousands of little bottles, and these are wooden bottles. 
Observe and see how pretty they are, and how nicely they 
are packed in each part of the orange. Their large rounded 
ends are toward the peel, and their slender pointed ends 
are toward the middle of the orange. When you eat an 
orange you crush a multitude of these wooden bottles, and 
the juice runs out of them, so, when you eat any juicy fruit, 
you break up wooden apartments or cells that hold the 
fluid. Even in the most juicy fruits there is wood, and the 
skins or coverings of fruits are made of wood. 

The coverings of seeds are wooden. In nuts the woody 
substance forming the covering is very dense and hard, as 
in a cocoanut, walnut, &c. The substance called vegetable 
^vory is wood. 

The very delicate forms in which woody substances some- 
times appear remind us of the fine crystals in which minerals 
sometimes show themselves. Thus saltpetre is sometimes 
seen on the walls of caverns in fine, needle-like crystals; 
and, to take another example of a more familiar character, 
the delicate tracing of frost on our windows is but another 
form or arrangement of the same material that we have in 
thick ice. 



CHAPTER XXVIIL 

STABCH AND 8DGAB. 

Stabch is very common in vegetables. It is not so common 
as wood, for that as you have seen is everywhere, in every 
part of all vegetables from the largest trees to the smallest 
plants. There is starch in all the vegetable substances we 
eat. Four-fifths of the flour of which bread is made is 
starch. Most of the potato is starch. There is much in 
chestnuts, and even in horse-chestnuts it constitutes one- 
eighth of the whole. Arrowroot is a starchy meal, prepared 
from plants that grow in marshy grounds in climates as 
warm as the East and West Indies. Sago is a starchy 
substance prepared from the pith of various kinds of palm- 
trees. From this you see that a large part of the food of 
man is starch. 

Starch can be very readily obtained from wheat flour. 
Moisten a handful of it with enough water to make a thin 
paste. Put this into a piece of thick linen cloth and knead 
it, adding water to the paste as long as the li<juid which 
nms through the cloth appQ^.rs milky. Let the liquid stand 
for some time, and a white powder will settle at the bottom. 
This is wheat starch. What remains in the cloth I will tell 
you about in the next chapter. 

The starch is in grains or granules, and each little grain, 
as seen by the microscope, has a covering. Now in boiling. 
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starch swells into a thick jelly. In this operation the 
coatings of the grains are broken, and the starch absorbs 
water. This is the reason that rice, beans, barley, etc., swell 
BO mnch when they are cooked. Chestnuts when boiled 
swell from the same canse. 

You will be surprised to learn that starch, though so 
different from wood, is composed of the same elements, 
carbon, hydrogen, and oxygen, and that too in the same 
proportions. It is deposited in those parts of the plant 
where it can be used for food, viz., in the grains, seeds, and 
fruits. 

Sugar is another substance found in many plants. All 
sweet fruits have sugar in them. Besides this, there are 
some plants which seem designed by the Creator to make 
sugar for the use of man; of these the principal is the 
sugar-cane. Then there is the sugar-maple and the sugar- 
beet. Much sugar is obtained from the sugar-maple in the 
northern parts of America. On the Continent of Europe^ 
especially in France, the sugar-beet is largely cultivated for 
the manufacture of sugar. 

Sugar, like starch and wood, is composed of carbon, 
oxygen, and hydrogen, but not in the same proportions. 
Although we cannot make sugar by mixing these ingredients 
together, any more than we caiv wood or starch, yet plants 
can. The sugar-cane makes sugar out of charcoal and water. 
Much of the charcoal or carbon is taken from the air by the 
leaves, while the water comes from the ground by the roots. 
Long broad leaves, shaped like corn-leaves, by their little 
and numberless mouths, take in carbon from the air, so that 
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there may be enough of this material for making sugar. 
Now as carbon is in the air in part from the breath of 
animals, probably some of the carbon in the sugar you have 
eaten may be from somebody's lungs. If so, it went on the 
wings of the wind to America that the cane-leaf might 
drink it. 

In obtaining sugar from the cane, the juice is pressed out 
by heavy iron rollers. This juice is then cleared of im- 
purities, and boiled down to such a degree that sugar 
crystallizes as it cools. While this crystallization takes 
place a syrup drains off, and this is molasses or treacle. 
Sugar crystallizes in grains, and is the common brown 
sugar. Further purification is required to form white sugar. 

There are different kinds of sugar. The two most im- 
portant are grape-sugar and cane-sugar. Grape-sugar is that 
in grapes and in sweet &uits. Cane-sugar is that in sugar- 
cane and plants evidently designed by the Creator to manu- 
facture sugar. Cane-sugar has much greater sweetening 
power than grape-sugar, and therefore is more valuable. 
It requires almost three teaspoonfuls of grape-sugar to 
sweeten as much as a single teaspoonful of cane-sugar. 

The difference in composition between these two is that 
grape-sugar has more oxygen and hydrogen than cane- 
sugar ; and as these are added in the proportion required 
to form water, chemists say that grape-sugar has more water 
in it than the other. 

Though we cannot take carbon, oxygen, and hydrogen, 
and make them into wood or starch or sugar, we can make 
sugar out of either starch or wood. What ! yon will perhapp 
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exclaim, make sugar out of saw-dust ? Yes, exactly so. It 
can be done by oil of vitriol, water, and heat. Every five 
pounds of some kinds of wood may be made to give four 
of sugar. 

The process is as follows : Saw-dust is first moistened with 
a little more than its weight of sulphuric acid or oil of 
vitriol, and left to stand for about twelve hours. It is now 
nearly dry ; but, on pounding it in a mortar, it becomes 
liquid. Water is added and it is boiled. Sugar is now 
formed. 

The explanation of its formation is this. In the saw-dust 
there are certain quantities of carbon, oxygen, and hydrogen. 
But there is not so much of oxygen and hydrogen as there is 
in sugar. In order to make the wood into sugar, it is needful 
to add oxygen and hydrogen, letting the carbon be as it is. 
This is exactly what sulphuric acid does. It forces some of 
the water, or oxygen and hydrogen that compose it, to unite 
with carbon in the saw-dust, and so sugar is made. 

But the sugar is not alone, it is a syrup ; that is, water is 
mixed with it. Besides this, sulphuric acid which does not 
become a part of the sugar is there also. It would not do 
to let it remain. The way in which it is taken out of the 
syrup is a good example of chemical affinity. Chalk will 
take it out. See how it does this. Chalk is carbonate of 
lime. Now sulphuric acid likes lime better than carbonic 
acid does. It therefore takes the lime, and carbonic acid 
flies off. Sulphuric acid forms with lime sulphate of lime or 
gypsum. As this does not dissolve in water, the syrup is 
very easily separated. 
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We now have the syrup. To get the sugar we have only 
to boil the syrup, and thus drive off the water. 

Sugar can be made from rags as easily as from wood ; for, 
as you learned in the previous chapter, rags are nothing but 
wood in a certain form. 

The process of converting starch into sugar is essentially 
the same, for starch has the same composition as wood, 
as you learned in the first part of this chapter. But what is 
the sugar that can thus be made out of such cheap materials 
as saw-dust and rags ? It is not cane-sugar, which is so 
valuable, but grape-sugar. If we could manufacture cane- 
sugar in this way, we need not depend so entirely on the 
sugar-cane for a supply. 

I have told you that sugar is in all sweet fruits, but there 
is not sugar in them at first, they are either tasteless or 
acid, and become sweet as they ripen. Before they ripen 
there is starch, which changes into sugar. 

Though we can make wood into sugar, we cannot make 
sugar into wood. This is done, however, by plants. Thus 
sugar-beet and turnip are sweetest when gathered early ; if 
allowed to grow too long, the sugar is changed into wood, 
and they become, therefore, tough and tasteless. So, also, if 
grass be left to grow too long, the starch and sugar in it 
turn to wood, and the hay is not so sweet and nutritious 
as it would have been if gathered earlier. 

We can make charcoal from sugar, for it is composed 
of the same elements as wood. We can do it by simply 
heating the sugar ; but a prettier way to do it is this : Put a 
tablespoonful of strong syrup, made with loaf-sugar, into a 



174 ' CHEMISTRY 

tumbler set in a large plate, and pour upon it a little good 
Hulphurie acid. The acid sets free the charcoal, producing 
considerable heat. This makes a brisk bubbling up, even 
over the sides of the tumbler. When the tumbler is cool, 
pour the contents into the plate, and you have a specimen of 
9ftigar-c}iarcodl, 



CHAPTER XXIX. 

GLUTEN. 

Tou see that vegetable substances are made chiefly of carbon, 
oxygen, and hydrogen; but animal substances, flesh, skin, hair, 
nerves, etc., are made of the same things, but with another 
added, viz., nitrogen. It is this gas that makes the great 
distinction between animal and vegetable substances. Every 
animal substance has nitrogen in it. 

It is nitrogen that gives the peculiar odour we perceive 
whenever any animal substance is burned. Wood, cotton, 
linen, etc., cause little smell when burned, but let wool, hair, 
or leather be burned, and the odour is very marked. 

As all substances peculiar to animals have nitrogen, there 
mast be some nitrogen in the food, for if not they would 
droop and perhaps die. It is the food that makes blood, and 
blood is the building and repairing material of the body. 
You see, then, that if no nitrogen is furnished, one of the 
four great materials for building and repairing will soon be 
spent. The body, therefore, in a little time, would show 
this, and get out of repair. To repair the body without 
nitrogen would be very much like repairing a brick wall 
without brick, filling up breaches with mortar alone. 

Now you can see where some animals get that part of their 
building and repairing material which we call nitrogen. 



176 CHEMISTRY 

Lions, tigers, dogs, cats, etc., eat animal food, and there 
is always nitrogen in that. But how is it with horses cows 
sheep, etc. ? Where do they get nitrogen ? They eat no 
animal food, and the vegetable substances, wood, starch, and 
sugar, have no nitrogen in them. There is a plenty of 
nitrogen in the air, and they continually breathe it. Do 
they get it in this way ? No, not a particle of the nitrogen 
gas that goes into the lungs gets into the blood. The 
oxygen that goes into the lungs with the nitrogen enters 
the blood, but the nitrogen does not. It comes out of the 
lungs exactly the same as it went in. Neither does a particle 
of nitrogen go into the body of animals through the skin, 
though the skin by being surrounded with air, is bathed in 
it all the time. 

How, then, do the vegetable-eating animals get their 
nitrogen? I will tell you. You remember that, in 
telling you how to obtain starch from wheat flour, I said 
that there was a substance left in the linen cloth ; it is a 
substance we call gluten— sl very glutinous or sticky sub- 
stance. This portion of flour contains nitrogen. The 
starchy part is composed of carbon, oxygen, and hydrogen, 
gluten is composed of these and nitrogen united with them. 

It is the gluten of flour that gives firmness to bread. If 
it were composed of starch alone the bread would be very 
crumbling. For this reason rice cakes readily break when 
enough flour is not mingled with the rice. The gluten of 
flour is needed to hold together the starchy rice. 

There is another substance in flour that has nitrogen in it. 
It is called albumen, from the Latin word aJbus, white. It is 
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like the white of egg, there is but little of it in flour com- 
pared with the amount of gluten. 

In the grain of wheat then we have three substances, 
starch, gluten, and albumen. There is much more starch 
than gluten, the albumen being very small in amount. 

There is another substance that has nitrogen in it, which 
is found in many vegetables. We call it casein. It is nearly the 
same as cheese, which is contained in milk, and makes the 
curd. This substance is abundant in vegetables that grow 
in pods, as^eas, beans, etc. 

The three substances then in vegetables that furnish 
animals with nitrogen are, gluten, albumen, and casein. 
They are called nitrogenous substances. Gluten is very 
abundant, especially in grains which are used so extensively 
for food as wheat, rye, buckwheat, barley, oats, Indian 
com, etc. 

Starch and sugar have no nitrogen, carbon is their most 
important element. They are said, therefore, to be car- 
bonaceous substances, in distinction from the nitrogenous. 
Now these substances alone cannot support life for any 
length of time. Animals would, if fed upon nothing but 
starch and sugar, languish ^nd die. It would be for want 
of nitrogen. 

There is another class of substances found both in 
vegetables and animals, which are carbonaceous and have 
no nitrogen. They are the oils and fats. 

The nitrogenous substances in food build and repair the 
body. Of what use then are starch, sugar, and oils or fats ? 
Their use is chiefly, if not wholly, to continue the heat of 
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the body. They are part of the fuel, which is burning with 
the oxygen in the blood, as you learned in the chapter 
on Animal Heat, page 75. 

The power of any particular food to nourish the body or 
promote its growth is supposed to depend on the amount of 
nitrogen in it. Bice is not very nutritious, because it 
contains much starch and little gluten. Wheat, rye, etc., 
are among the most nutritious vegetables, for they contain 
much gluten. There is much in the covering of the grains 
called bran. Peas and beans are nutritious, because they 
contain much of that nitrogenous substance, casein, or 
vegetable cheese. Cabbage is a nutritious vegetable, for it 
has even more gluten in it than the grains ; and cauliflower 
has still more than cabbage. 

There is gluten in, leaves and grass, but not so much as in 
grains. The horse, therefore, though he may live upon hay 
alone when idle, must have some kind of grain when working. 
The wear and tear of the muscles in working makes a good 
supply of nitrogenous food necessary for repairs. The 
giraffe, with his long neck, lives by browsing upon the 
leaves of trees. But if he worked, like a horse, he would 
require food richer in gluten. 

For the same reason, the food of a labouring man should 
be richer in gluten than that of a man who lives in idleness. 
The repairing that his muscles require after labour must be 
from nitrogen in his food. If the labourer, therefore, should 
live chiefly on rice, as in China, or on potatoes, as is often 
the case in Ireland, the machinery of his body would not 
be well repaired, and he would become weak. He must 
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have such food as bread and meat, with his potatoes, rice, 
etc., in order to get nitrogen for growth and repair. 

We need the two kinds of food — namely, the one which is 
for building and the other which is for fuel. For this 
reason the fuel-food, pork, eats well with the building- 
food, cabbage. 

Those articles in which the two kinds of food are mingled 
are especially valuable. Thus bread is so valuable that it is 
called the staff of life. Still better is it when we add the 
fatty carbonaceous substance, butter. Milk is such a combi- 
nation of nitrogenous and carbonaceous substances that it is 
a complete food, as shown by the fact that children live a 
long time on this article alone. 

I have told you that all animal substances have nitrogen 
in them, and that most vegetable substances have not. Still 
there are vegetable substances that do contain nitrogen. 
Why do they contain it ? For the purpose of supplying it to 
animals. Animals must have it in their structures — in their 
muscles, nerves, bones, skin, brain, etc. But vegetables do 
not need it in their structures. Wood does very well without 
it, though bone and muscle cannot. As, then, vegetables 
do not need it in their structures. Providence does not put 
it there, but into those parts of vegetables which animals 
use for their food. Hence so much is deposited in various 
grains. 



CHAPTER XXX. 

VEGETATION. 

Every plant comes from a seed ; and when this is put into the 
ground, a root shoots downward into the earth, and a stalk 
shoots upward into the air. 

Obserye how the root and the stalk are made. They are not 
made as crystals are. Particles are not laid on layer after 
layer, as in the growth of a crystal. There is no life in a 
crystal, but there is in a seed. It is this life that forms the 
plant, and it has its own way of doing so. As the stalk and 
root are built, channels or tubes are formed along them as 
it works along ; there are no such tubes in a crystal. 

Through these tubes sap goes to every part of the plant. 
This is true of every plant, from the smallest to the largest. 
Look at a very large and high, tree. The life in a little seed 
began that. It pushed up the stalk a little higher and 
higher, making tubes in it all the while ; and now that it 
reaches so high, sap goes along these tubes from the very 
ends of the roots to the very ends of the leaves. 

Let us see of what the seed from which all this comes 
is composed. It is chiefly starch and gluten. Now these 
substances are insoluble. Of what use, then, can they be in 
growth when they cannot circulate in the tubes? Unless 
they be rendered soluble they must remain in the seed. 
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But the required change is produced in them. As a seed 
becomes moist, oxygen is absorbed, and thus gluten is made 
soluble, and the starch changed into sugar, which you know 
is soluble. So as fast as channels are made in the up- 
shooting plant, sap, with dissolved gluten and sugar circu- 
lates in them. 

When the little root is formed, and the stalk reaches the 
air and puts out leaves, the seed may be said to have passed 
away, its gluten and starch are exhausted. The plant now 
gathers all its materials for growth from the soil and the 
air. These are carbon, oxygen, hydrogen, and some 
nitrogen. As you have learned, it obtains from the air 
carbon, taking it in at every pore in the leaves. Oxygen 
and hydrogen are obtained from the water that enters the 
roots. 

From whence comes the nitrogen ? It will require much 
if it be a plant that has gluten in the fruit or seeds. 

There is nitrogen all around plants, for four-fifths of the 
air is nitrogen. But, though the leaves are bathed in it, 
though it is at the very mouth, as we may say, of every little 
pore, yet not a particle enters. All the nitrogen which the 
plant gets comes through the roots. There are various 
substances in the soil that supply it. One is ammonia, 
which, you learned on page 85, is composed of nitrogen and 
hydrogen. This substance abounds in some manures, 
especially in guano. 

You see that carbon, oxygen, hydrogen, and nitrogen are 
the four grand ingredients in vegetables or plants, also that 
the three first of these compose the framework, the structure. 
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There is no nitrogen in woody fibre, it is found only in some 
fruits and juices. It is put there as a part of the food of 
animals. Plants gather nitrogen from the earth, and 
deposit it within their fruits and juices for the use of man 
and other animals. It is deposited just where wanted. 
For example, none is lodged in the stalk of wheat, but it is 
in the seed or grain, so that we have it in the flour with 
which we make bread. 

Besides these things, silica or flint is in the stalks of grain 
and spires of grass (page 134). In many vegetables, as 
mustard and onion, there is sulphur. Then there are 
phosphorus, lime, potash, iron, etc. All these are carried 
in the sap through the channels of which I told you in the 
first part of this chapter. 

Perhaps you have thought how strange it is that sap 
should go wp plants ; although there are the little tubes, and 
although on page 64 you learnt that water owing to capillary 
attraction rose a short distance, yet that is very difierent 
from the sap ascending a tree. 

In Fig. 46 is shown the way to make an experiment, about 
which you may at a future day learn more than at this time, 
(b) is a glass receiver, having the lower opening covered 
with some substance such as a piece of bladder. By means 
of a cork a long tube (a, a) is placed in the receiver, A 
funnel would make a very good receiver (b). 

Fill the receiver (b) with a syrup made of sugar and water. 
Place the whole as shown in Fig. 46, in a glass (n, n) of 
water. In a few hours you will find that the height of the 
liquid in the tube rises as shown at (r). 
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We do not kaow the leaeon of this, 'but y:% conclude that 
by the influence of such a law sap rises in Fi^^. 46. 

plants. Philosophers have giyen the 
uame of endoamose to the property which 
this experiment illustrates. 

Now think what sap is. It is chiefly 
water, having dissolved in it the various 
Babstances mentioned as being in phiuts. 
Water, then, not only furnishes the plant 
with oxygen and hydrogen, hut is the 
means hy which other substances needed 
by the plant are carried in its channels 
or tubes to the very ends of the leaves. 
Some of the water remains in the plant, 
giving its oxygen and hydrogen to it to 
help to form wood, starch, gluten, sugar, 
etc. £ut the largest part of it is breathed 
into the air through the little pores of 
the leaves. 

The quantity of water that passes from 
the roots through the channels in plants 
IB mnch greater than most people suppose. We can get 
Bome idea of this by ascertaining how much passes from the 
leaves. Some experiments have been tried in regard to this, 
and it was found that a single cabbage breathed from its 
leaves into the air, in the course of twenty-four hours, nearly 
a ijuart of water. If so much comes from a cabbage, how 
much must all the leaves of a hage tree throw out into 
the air ! 
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In all juicy fruits there is much water. In the water- 
melon there is so much that it gives a name to the fruit. 
It is almost all water with a little sugar dissolved in it. The 
cells containing this juice are really wood, but very delicate, 
even more so than those of the orange (page 168). 

It is the water in leaves and flowers that gives them 
softness. Ton know how stiflf the leaves of flowers are when 
pressed and dried by the botanist in his herbarium ; it is 
because the water is gone from their cells. 

You must have noticed how readily the stalks of grass 
and grain bend before the wind, and then rise, giving the 
wavy motion so beautiful in a field of grain. This is because 
there is much water in the cells and channels of the stalks ; 
when however the stalks of grain are dry, as you see in 
straw, they cannot be so bent. 

Wood freshly cut is said to be green ; that is, full of sap, 
hence there is much water in the wood. This prevents its 
burning well ; but if left in the air, the water passes oflf, and 
therefore the wood becomes dry. 

When wood is burned there are ashes. These are of 
small bulk compared with the wood. There is only a pound 
or two of ashes from a hundred pounds of wood. What has 
become of the remaining ninety-eight pounds of wood ? It 
has passed into the air. In Chapter XXVII. you learnt that 
a large part of the wood is from the air, so most of it in 
burning returns to the air. The water passes off in vapour, 
and most of the carbon of the wood uniting with oxygen, 
flies off as carbonic acid gas. If this were all, the smoke 
would not be visible, for you cannot see either vapour or 
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carbonic acid gas; but there are little particles of carbon, 
and these form the smoke you can see. 

What is really the composition of ashes? They are 
composed of potash, silica, lime, iron-rust, etc. These sub- 
stances are found in different proportions in the ashes of 
different plants. Thus there is more of silica in the ashes 
of straw than in those of common wood. There is much 
potash in the ashes of wood, hence the use of them in 
making soap, as noticed on page 118. 

Let us examine more closely what plants get. from the 
ground to make them grow, and how they do it. They get 
all except carbon. Most of this is from the air, but a little 
is from the ground. They get from the ground all the 
oxygen, hydrogen, and nitrogen, part of the carbon, and 
small quantities of various things they need in addition, 
such as potash, lime, iron, sulphur, phosphorus, etc. 

These ingredients are chiefly from the decay of plants. 
Every year dead leaves and plants become a part of the 
earth, and help to form the plants of another year. Barren 
sand may be made good rich earth by mingling with it 
decayed or decaying vegetable substances. If, in a garden, 
there is a pit inlo which weeds and small trimmings from 
trees are thrown you can dig from it in two years of time 
the richest kind of earth, the produce of decayed vegetable 
matter^ which can be used to assist in the formation of other 
vegetables. 

Thus decay and death furnish materials for new life. 
The living beauty that gladdens our eyes in spring comes, 
to a great extent, from what fell to the ground and died in 
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previous years ; and not only so, but that which at one time 
is putrefying, becomes a plant which, with its leaves and 
flowers, so delights the eyes, and supplies fruits, which are 
so pleasant to the taste. Nitrogen, one of the ingredients 
of the ammonia so strong in manure, goes up the channels 
of wheat-stalks helping to make the gluten of the grain, 
and as you eat this in bread it forms part of the substance 
of your body. 

You see that there are few ingredients of plants, chiefly 
four, carbon, oxygen, hydrogen, and nitrogen; but from 
these, with now and then a little of some others, is formed a 
great variety of substances. I will notice a few of them. 

Some are composed of only two of the chief ingredients 
of plants, carbon, and hydrogen. To this class belong the 
oils of orange-peel, lemon, and pepper. The oil of turpen- 
tine is also one, and that very singular substance so much 
used now, caoutchouc, or India-rubber. 

Then there are some oils that are composed of three of 
the four grand ingredients of plants, viz., carbon, oxygen, 
and hydrogen. Among these are the oils of peppermint, 
valerian, anise, orange-flowers, rose-petals, etc. Camphor, 
also, is composed of these three ingredients. 

Some oils have a large quantity of sulphur in them, 
as oil of mustard, onion, asafetida, etc. You know that if 
a silver spoon be left in mustard it becomes dark-coloured. 
This is because the sulphur in the mustard unites with the 
silver to form a sulphide of silver. 

There are various acids in vegetables. These are com- 
posed of carbon, oxygen, and hydrogen, in difierent pro- 
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portions. Some of these have been noticed in tlie chapter 
on acids, as tartaric, the peculiar acid of grapes ; and malie, 
the peculiar acid of apples, pears, and other fruits. The 
only difference in composition between these two acids is, 
that tartaric acid has a little more oxygen than malic acid 
(see page 110). 

There are different colouring substances in vegetables, as 
indigo, the colouring matter of logwood, etc. Like the 
acids, they are composed of carbon, oxygen, and hydrogen, 
or of these with nitrogen. 

There are many other interesting classes of substances 
brought to light of late years by chemists, and which they 
obtain from plants by means you can understand at some 
future time. 



CHAPTER XXXI. 

CHEMISTBY OF AIHMAIiS. 

Blood is to an animal what sap is to a vegetable. Sap is 
water, haying dissolved in it whatever is necessary to the 
growth or building up of the plant; and blood is water, 
having dissolved in it whatever is necessary to the growth 
or building up of the animal. 

About four-fifths of the blood in man is water ; that is, 
in every five pounds of blood there are four of water. 
Perhaps you are asking what substances are dissolved in 
this; that is, what make up the other fifth of the blood. 
They are carbon, oxygen, hydrogen, nitrogen, chlorine, 
sodium, potassium, magnesium, iron, phosphorus, and 
sulphur. 

These, you see, are elements, not compounds. They do 
not however appear as elements in blood. They are united 
in various ways. For example, iron is united with oxygen, 
forming oxide of iron, some of this oxide is united with 
phosphoric acid, making phosphate of iron. So most of the 
chlorine is united with the metal sodium, forming common 
salt, giving to blood a saltish taste. Then we have phos- 
phorus, oxygen, and calcium united forming phosphate of 
lime, of which you learned, on page 131, there is much in 
bones. About one-third of the blood which is not water is 
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albumen. This is the same as white of egg, or the albumen 
which you learned, on page 176, is found in many vegetables ; 
it is composed of the four grand elements, carbon, oxygen, 
hydrogen, and nitrogen. 

Now how do all these substances get into the blood? 
Chiefly from the food we eat. That part of the food which 
will nourish the body is drunk in by little pores in the 
stomach, put into the blood and made a part of it. It is 
as little mouths in the roots of a plant drink in from the 
earth what is proper to go into the sap. Thus the root of a 
plant and the stomach of an animal perform similar duties. 

But all substances that are in blood are not always in 
food. How is it, then, that blood is always supplied with 
them ? It is because food contains that from which these 
substances are made. There is some chemistry done in the 
stomach, it is a chemical laboratory, for great chemical 
changes are produced there. For instance, you eat per- 
haps much sugar; but there is no sugar in the blood. 
How is this ? Is this sugar lost ? No ; it is used, but it 
does not enter the blood as sugar ; it helps to make other 
things. 

There is salt in blood, and there is salt in food. Here 
we have a substance that is not altered by the chemistry of 
the stomach, as sugar is, but enters the blood as salt. 

There is one substance, all of which does not get into the 
blood from the food ; part of it enters by the lungs as we 
breathe. This is oxygen, the lung-food that I told you 
about on page 7. 

All the parts of the body are made out of blood. 
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For this purpose the blood, containing the different sub- 
stances mentioned, circulates everywhere in the body ; • and 
materials required for building are used just where wanted. 
For example, where it is necessary to make bone, materials 
for bone are taken from the blood, and arranged so as to 
make bones of the right shape. Phosphate of lime is one 
of these materials, as I told you on page 133. This is in 
the blood, ready for use. 

So, where nerve is to be made, those materials are taken 
from the blood of which nerve is composed ; and the same 
is true of all other parts of the body. 

Sulphur and silica, or "flint, mingled with other ingredients, 
are in hair, feathers, bone, and nails. 

Iron is in blood. It is in a substance that gives the 
red colour to this fluid. Very little of it is found in the 
solid parts of the body. None is in the nerves, though 
persons who have much firmness of character are said to 
have iron nerves. There is a very little in the hair, helping, 
with silica or flint, to give it strength. Of what use it is 
in the blood we do not know. When persons are pale and 
weak they have not enough of it in the blood, and therefore 
we give medicines that have iron in them. 

You see what a variety of substances there is in blood. 
Now when different sorts of food are eaten, it is easy to see 
how all these substances are furnished to the blood. But 
how is it with a child who lives upon milk ? Can there be 
mingled in that white fluid all the substances I have 
mentioned? If they were not, there would be something 
missing in the building up of the body. If, for example. 
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there were no phosphate of lime in milk, the bones of an 
infant living on milk would be soft, and bend very easily, 
for it is the phosphate of lime that makes them hard and 
stiff. Milk contains all substances required for the growth 
of the body. It contains all the nutritious substances which 
can be gathered from meats and vegetables. Milk is made 
from blood, and blood is made from milk, and they are only 
two different forms of the same ingredients. The milk of a 
cow is made from her blood by a chemistry which we do not 
understand, and when we take it into our stomachs the 
chemistry there reconverts it into blood. How the iron is 
in the milk, and is prevented from colouring it red, as it 
does the blood, we do not know. 

No matter how many different articles we eat, the 
nutritious part of them all, when taken and put into the 
blood, is a whitish fluid very much like milk ; it is called 
chyle. This fluid is separated or extracted from meat, 
potatoes, rice, turnips, cabbages, etc., etc. ; and it contains 
all that is needed to form bones, teeth, brain, skin, nerves, 
muscles, nails, hair, etc., with one single exception — I mean 
the oxygen which it gets from air in the lungs. Chyle 
in the blood goes to the lungs to receive a supply of oxygen ; 
and then it becomes a part of the blood, and is suitable for 
nourishing the body. 



CHAPTER XXXII. 

CONCLUDINa OBSERVATIONS. 

It may be well, in this concluding chapter, to look back a 
little upon the ground over which we have been travelling. 

The world is built chiefly out of a few elements. I have 
told you, in Chapter XTV., that there are about sixty 
elements, and of these fifty are called metals. Most of them 
exist in small quantities. A few are very abundant, as iron, 
calcium, sodium, aluminum, copper, lead, etc. But the most 
abundant substances in the world are not metals,. They are 
oxygen, carbon, nitrogen, hydrogen, silicon, sulphur, chlorine, 
etc. Nearly, if not quite one-half of the world is a gas, 
oxygen, and the four grand elements used in the making the 
earth are oxygen, carbon, hydrogen, and nitrogen. Three of 
these are gases. Water, that liquid which is everywhere 
and in almost everything, is composed of two of them. All 
living substances, vegetable and animal, are essentially 
composed either of three of them or of the whole four. 

One special and peculiar property of oxygen is that it forms 
combinations with all the elements. With most of them it 
unites very readily, with some eagerly ; but there are others, 
as gold, silver, etc., with which it will not unite unless it be 
forced to do so, as you learned in Chapter IV., and when 
they are united the bond is so slight that it readily separates. 
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Let us look at a few of the oombinations which oxygen 
forms. It forms with hydrogen the most abundant of all 
componnds, water. Mixed with nitrogen and carbonie aoid 
gas, it forms the most abundant of all mixtores, the atmo* 
sphere. It forms, with the metals, " oxides/' a yery numerous 
class of substances. It forms acids with nitrogen, sulphur, 
phosphorus, chlorine, siUcon, etc. That singular acid, 
silica, is one of the most plentiful hard substances in the 
earth, being in granite and many other rocks, and con- 
stituting, for the most part, all the sand and a large portion 
even of the fertile earth. Then we have oxygen in all 
potash, lime, and their carbonates ; carbonates of lime in the 
forms of limestone, chalk, and marble, being very abundant, 
sometimes forming even mountains. Oxygen is also a chief 
ingredient in living substances. 

The importance of this element is seen not only in its 
abundance, but also in its activity. It is no laggard in 
chemical movements. It is the grand supporter of com* 
bustion. It keeps every fire and light burning, and the 
quick explosions of gunpowder and many other substances 
are consequent upon its presence. It maintains the life of 
all animals by entering the lungs, and conveys away carbon 
from their bodies to the leaves of plants by uniting with it 
to form carbonic acid gas. It rusts metals, and has such 
an affinity for some of them that they are never found 
except in union with oxygen. 

Changes in matter from solid to gaseous or liquid, and 
the reverse — changes in which oxygen is busy — are very 
wonderful. Thus, in burning wood, the oxygen of the air 
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onites with the carbon and hydrogen of the solid Jwood, 
forming carbonic acid gas and water, which flies off with 
the gas ia vaponr. In one hundred pounds of wood, as 
I haye told you already, we hare about two pounds of 
ashes. The ninety-ei^t pounds, which are water and 
carbonic acid gas, hare passed into the air. What becomes 
of them ? Let us see. . Water gathers in the clouds to fall 
to the earth, or settles upon the grass in the form of dew. 
There it goes to work again, some of it finds its way into 
the roots of plants, helping to form their substance by 
combining with carbon and nitrogen. That part of the 
ninety-eight pounds whidi is carbonic acid gas is drunk up 
by leaves, in order that by chemical operations it may furnish 
carbon to the plants and trees. The oxygen that has thus 
conveyed, as we may say, carbon to leaves, returns again in 
the air to the lungs of animals. Borne of the carbon thus 
furnished to plants conges back also to animals in the food 
which they eat, to perform again its chemical work. 

Many other examples of changes of matter from one form 
to another might be given, but this must for the present 
suffice. 

When a solid becomes a gas, or a gas a solid, the change 
is a very great one. When a solid becomes a gas it occupies 
a larger space, and the particles, must therefore be much 
farther apart. When this change of bulk takes place 
suddenly, a great effect is produced, as for example in the 
explpsion of gunpowder. On the other hand, when a gas 
becomes a solid there is great condensation, or, in other 
words, the particles of the substance are brought much 
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.nearer together. For example, when oxygen unites with 
iron, and thus. becomes a part of a solid substance, about 
twenty gallons of the gas are pressed, as we may say, into 
the small space occupied by a pound of the rust (page 81). 
The same great change in bulk takes place when the carbon 
in the carbonic acid of the air, taken in by the leaves of a 
tree, becomes so condensed as to form a part of the solid 
wood. 

In some of the changes in matter there is a very fine 
division of particles. As you see charcoal burning, solid 
oarbon is passing into the air united with oxygen. The 
particles of the carbon you see in the solid charcoal, but 
when they pass off you do not see them. Why ? Because 
they are so finely divided. The division is so fine that not 
even the microscope can show them. So, also, if you 
examine grass which feels very rough from the silica or flint 
that is on its surface, you cannot find any particles of silica 
in the sap ; but they are there, for thus the flint goes from 
the ground to get to the surface, of the grass. Sap is smooth 
and limpid, for the flint in it is exceedingly fine, and its 
particles are wide apart; but, deposited in the coating of 
grass; the fiint is rough, and scratches your finger, for the 
particles are there closely united. So, too, the small quantity 
of iron that is in blood is very finely divided, its particles 
being diffused evenly throughout that fluid as it circulates 
in the arteries and veins. 

In the course of this book I havjB ofte]^ spoken of the 
difference between compounds and the ingredients of which 
they are formed. Thus oxygen, the gas that assists things to 

o 2 
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burn, unites 'with another gas that itself burns, forming a 
substance — water — which quenches burning. Water also is 
unlike its components in other respects. It is a heavy fluid, 
while one of its components, oxygen, is nearly as light as air, 
and the other, hydrogen, is the lightest substance known. 
80, also, that powerful liquid, nitric acid, is unlike the oxygen 
and nitrogen gases that compose it. Take another example 
of a different character. Phosphorus is a very inflammable 
substance, and lime is a biting caustic ; but phosphoric acid, 
composed of phosphorus and oxygen, when united with lime, 
forms phosphate of lime, the mineral matter in our bones. 
We have one of the most striking examples in common salt, 
which is composed of a gas which, if breathed, would 
kill you by sufibcation, and a metal that combines very 
energetically with the oxygen of water. 

I have occasionally noticed the fact that a substance may 
appear in forms, very unlike each other. Thus carbonate 
of lime appears in the forms of chalk, common limestone, 
and pure crystallized marble. Gypsum, or plaster of Paris, 
presents several forms, some of which are very beautiful. 
Carbon is a wonderful example, for nothing can be more 
unlike than charcoal, blacklead, and the diamond. There 
is no substance, perhaps, that appears in so large a number 
of different forms as wood, as you learned in Chapter XXVil. 
All this variation in form seems due to variation in the 
arrangement of the particles, as the proportions of the in- 
gredients are not varied. 

In this variation, differences in character are much 
increased if the proportions of the ingredients are varied. 
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You. know how different calomel and corrosive sublimate 
are, yet they are made of the same elements, chlorine and 
mercury, but in different proportions. The five compounds 
of oxygen and nitrogen are very different from each other, 
the contrast between the exhilarating gas and nitric acid 
being remarkably great. But the most wonderful examples 
are furnished by the chemistry of life. Wood, starch, gum, 
sugar, oils, perfumes, colouring, matters, poisons, etc., how 
unlike, and yet they are all made of three elements, a solid 
and two gases* The same may be said of the variety of 
oompound substances in animals. Thus the Creator shows, 
in the chemistry of life, the greatest power in producing so 
much variety from so few materials. 

The £rame*work, as we may call it, of chemistry is quite 
simple. Most of it may be thus marked out : 



These, uniting 
together, form 



Oxygen forms with the metals oxide%. 
Oxygen forms with carbon, sulphur, nitro- 
gen, phosphorus, chlorine, etc., ocidB^ 
Sulphur forms with the metals svlphurets, or sulphides. 
Chlorine, iodine, etc., form with the metals chlorides, 
iodides, etc. 

Then, in the chemistry of life : 

Some vegetable substances are made of oxygen, carbon, 
and hydrogen. 

Other vegetable substances, 1 are made of oxygen, carbon, 

And all animal substances, ) hydrogen, and nitrogen. 

There are some substances not included in this plan. 
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Such, for example is water, and yet it has a great deal to do 
with chemical operations. 

This leads me to remark that much of the matter in the 
world is constantly circulating between animals, yegetables/ 
and the earth, and in this circulation ever changing. The 
grand means by which the circulation is carried on are air 
and water, which are everywhere in motion, conveying many 
substances to distant places. For example, air takes carbon 
from our lungs, and carries it aloft for the leaves, bringing 
back to our lungs the oxygen that the leav<e8 breathe out* 
As an example of the agency of water in this circulation^ 
you have seen how it dissolves carbonate of lime from the 
rocks and earth (Chapter XXI.), carrying it into the sea 
that some animals may construct their shells. So, also, 
water brings silica to grasses and grains, that it may bd 
sucked up by the roots. In these and many other ways, 
air and water are ever busy, circulating in every direction 
solid as well as liquid and gaseous substances; and they 
thus have more influence than any other agents in carrying 
on the grand chemical operations of the world. They are 
not only continually changing, but also enabling other 
substances to change. 

The world, as you have : seen, is emphatically a world of 
change; and in the changes that take. place there is no loss, 
no destruction. When things burn, as f^iB express it, there 
is no destruction, there is merely change from' one form to 
another, and what seems to vanish, soon reappears in solid 
forms that are growing- up ardund us. So, when decay takes 
place, there is no loss of a single particle of matter, thbre 
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are only chemical changes forming new combinations and 
arrangements of the particles of the decaying substance. 
Chemistry is at work everywhere, not destroying, but taking 
to pieces only to rebuild again, and it does the latter quite 
as readily and rapidly as it does the former. 
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English History in the XIVth Century. 

By Charles' H. Pearson, M.A., Fellow of Oriel College, Oxford, 

History of the French Revolution. 

By the Rev. J. Franck Bright, M.A., IcUe Master of the Modern 
Department at Marlborough College, 

The Reign of George HL 

By W. R. Anson, M.A., FelUnv of AU SouU College, Oxford. 

The Great Rebellion. 

By Oscar Browning, M.A. 

The Reign of Louis XIV. 

By F. Willert, M.A., Fellow of Exeter College, Oxford^ and 
Assistant-Master at Eton College, 

LONDON, OXFORD, AND CAMBRIDGE. 



KtraUSH.] ED UCA TIONAL LIS T. 



ENGLISH 

Preparing for Publication^ 

ENGLISH SCHOOL CLASSICS 

Edited by 
The Rev. J. FRANCK BRIGHT, M.A., 

XJLTB MASTKR OF THB MODERN SCHOOL AT MARLBOROUGH COLLBGB ; 

AND 

FRANCIS STORR, M.A., 

ASSISTANT-MASTBR AT MARLBOROUGH COLLBGIC 

The object of these Volumes is to supply preparatory Schools, 
and the fourth or fifth forms of larger Schools^ with cheap 
Annotated Text-Books for English reading. It is intended that 
ectch Volume should contain enough for one ternCs work. 

The Series will include the following : — 

Thomson's Seasons. Bacon's Essays and New Atlantis. 
Cowper's Task. Gray's Poems, Wordsworth's Excursion, 
Goldsmith's Deserted Village. Milton's Paradise Lost and 
Arbopagitica. Scott's Marmion, Rokeby, Lord of the Isles, 
AND Lady of the Lake. Swift's Gulliver. Byron's Childe 
Harold and The Corsair. Pope's Essays. Addison's Spectator. 
Chaucer's Prologue to the Canterbury Tales. Defoe's Cava- 
lier AND Robinson Crusoe. Burke on the French Revolution, 
Dryden's Poems. Browne's Religio Medici. Locke on the 
Human Understanding. Washington Irving's Sketch Book. 
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SELECT PL A YS OF SHAKSPERE 

RUGBY EDITION. 

With an Introduction and Notes to each Play. 

Small 8vo. 

As You Like It. 2j. ; paper cover, I J. td. 

Edited by the Rev. Charles E. Moberly, M.A., Assistant-Master 

in Rugby School^ and formerly Scholar of BalUol College^ Oxford, 

" This is a handy, clearly printed school " The Notes are clear, to the point, and 

edition of Shakspere's bright play. The brief, and for the most part excellent." — 

notes are sensible, and not overdone, and Statidard, 
the Introduction is helpful." — Athetueum, 

Macbeth. 2j. ; paper cover, IS, 6d. 
Edited by the Saue. 

" A very excellent text, very ably seems to us considerably the best." — 

annotated."— ^/am^xnf. Educational Times. 

" The plan of giving a brief sketch of " ' Macbeth ' is now added to these 

each character in the play lends additional handy, neatly printed, and well-anno- 

interest to it for the young learner. The tated editions of Shakspere's Plays. Mr. 

notes are mainly explanatory, and serve Moberly's historical and critical remarks 

the same useful purpose of clearing away in the Introduction will be of great value 

difficulties from the path of the young to the student."— JP^c^n/. 
reader. Of all school Shaksperes, this 

CORIOLANUS. 2s, 6d, ; paper cover, 2s, 

Edited by Robert Whitelaw, M.A., Assistant-Master in Rugby 
School^ formerly Fellow of Trinity College^ Cambridge, 

** The way in which the play is edited Select Plays of Shakspere we think the 

displays careful scholarship, and the whole best of the series. There is more effort than 

edition is extremely well adapted for school before to bring out the characteristics of 

use." — Educational Times. the central figure of the play, the Notes are 

** This number of the Rugby Edition of fuller* and the glossary too." — Atkefueutn. 

Hamlet. 2j, 6d, ; paper cover, 2s. 

Edited by the Rev. Charles E. Moberly, M.A. 

" Surely these are good times for students often reached in school-books. We know 

of our literature. The number of scholarly, by experience that Shakspere may be so 

well*edited handbooks, and annotated edi- read in schools as to combine a considerable 

tions of masterpieces, both in prose and amount of philological and grammatical 

poetry, is contmually augmentmg. The teaching with a cultivation of the imagina- 

mtroductions in this edition are particularly tion and taste, perhaps more serviceable 

good, rising above the dull level of anti- still. The Rueby Edition will do well 

quarianism into a region of intelligent and either for school or home reading."—- Z,tf»- 

sympathetic comment and analysis not don Quarterly Review. 

The Tempest. 

Edited by J. Surtees Phillpotts, M.A., Assistant-Master in 
Rugby School, formerly Fellow of New College, Oxford, 

[In the Press. 

Much Ado about Nothing. 

Edited by the Same. [In the Press, 

{See Specimen Page, No, I.) 
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Scott* s Lay of the Last AfifisfrcL 

Rugby Edition. 

Edited with an Introduction^ Notes, and Glossary^ hy J. SrRTElS 
Phillpotts, M.A., Assistant-Master at ^ugby Scksiu^ ffrmtrh 

Fellow of New College, Oxford, 

Small 8vo. Uniform with the Select Plays of Shakspere. 

[In tlU Frtss. 

A Practical Introduction to English 

Prose Composition. 

An English Grammar for Classical Schools, with Questions, auvl a 
Course of Exercises. 
By Thomas Kerchever Arnold, M.A. 

Ninth Edition. i2mo. 47. 6</. 



•«<>•- 
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MATHEMATICS 



The following Schools, amongst many others, use this Series : — Eton : 
Harrow : Winchester : Marlborough : Shrewsbury : Charterhouse : Chelten- 
ham : Clifton College : City of London School : Haileybury : Tonbridge : 
Durham : Fettes College, Edinburgh : H.M.*s Dockyard School, Sheer- 
ness : The College, Hurstpierpoint : King William's College, Isle of Man : 
St. Peter's, Clifton, York: Birmingham: Bedford: Felsted: Christ's 
College, Finchley : Liverpool : Windermere : Eastbourne : Brentwood. 

OPINIONS OF TUTORS AND SCHOOLMASTERS. 



" I beg to state that I have used Mr. 
Hamblin Smith's various mathematical 
works extensively in my Lecture Room 
in this College, and have found them 
admirably adapted for class teaching. A 
person who carefully studies these books 
will have a thorough and accurate know- 
ledge of the subjects on which they treat.'' 
— From H, A. Morgan, Tutor of Jesus 
College, Cambridge. 

**\ can say with pleasure that I have 
used your books extensively in my work at 
Haileybury, and have found them on the 
whole well adapted for boys." — Front 
Thomas Pitts, M.A., Senior Mathemati- 
cal Master at Haileybury College. 

** I have used all Mr. Hambhn Smith's 
Mathematical Works with my pupils, and 
have invariably found that greater progress 
has been made than^ when using other 
works on the same subjects. I believe the 
mathematical student, in the earlier part 
of his reading, cannot do better than con- 
fine his attention to these works. The 
investigations are simple and straightfor- 
ward, while the arrangements of the text 
and the printing are admirable. The 
chapters are not too long, and they all 
contain numerous Examples worked out, 
with others, for exercise. His edition of 
Euclid cannot be too highly commended. 
Here the pupil will always find the figure 
facing the text, and, I may add,^ I have 
never seen a work on Geometry in which 
the figures of the IVth Book so forcibly 
strike the eye with their meaning. Mr. 
Smith has eliminated the so-called Rule of 
Three from his Arithmetic, and substituted 
the more rational method of First Principles. 



Both the Algebra and Trigonometry are 
well suited for Schools. Numerous illus- 
trative examples worked out with well- 
chosen collections for practice will be found 
in his Statics and Hydrostatics. In all 
cases the answers are given at the end of 
each work. I consider Mr. Smith has sup- 
plied a great want, and cannot but think 
that his works must command extensive 
use in good schools." — From J. Henry, 
B.A., Head-Master, H.M. Dockyard 
School, Sheemess, and Instructor of Eh' 
gineers, R.N. 

" We have used your Algebra and Trigo- 
nometry extensively at this School from 
the time they were first published, and I 
thoroughly agree with every mathematical 
teacher I have met, that, as school text- 
books, they have no equals. The care you 
have taken to make clear every step, and. 
especially those points which always used 
to baffle the boy-intellect, has rendered 
these subjects capable of being read, both 
in the time it usually took to read one. 
The ample supply of easy problems at the 
end of each chapter enables the student to 
acquire confidence in his own powers, and 
taste for his work— qualities, as every 
teacher knows, indispensable to success. 
We are introducing your Euclid gradually 
into the School."— '^n^w Rev.B.Edwardes, 
Senior Mathematical Meuter at the Col- 
lege, Hurst^r^int, Sussex. 

" The Algebra is the gem of the series, 
especially as compared with other works 
on the same subject — no point is left unex- 
plained, and all is made perfectly clear. 
The series is a model of clearness and in- 
sight into possible difficulties; by the aid 
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of these works a student has only his own 
inattention to thank if he fails to make 
himself master of the elements of the 
Tarious subjects." — From Rev. J. F. 
Blake, St. Peter's College, Clifton, York, 
" I have much p»Ieasure in stating that 
we have for some time used your Algebra 
and TrigcMMMaetrVj and found them admir* 
ably adapted for the i)urposes'of elementary 
instruction. I consider them to be the 
b»t books of their kind on the subject 
which I have yet seen." — From Joshua 
jfones, D.C.L., Hettd-Master, King 
Wmiames College, Isle of Man, 



"Your works on 
matics have been in 



elementary Mathe- 
constant use in this 
School for the last two or three years, and 
I for one have to thank you very mudi for 
elucidating many points which have always, 
in my experience, formed great sttunbling- 
blocks to pupils. I have no doubt the 
better these works are known, the more 
generally will they be adopted in Schools." 
From A. L. Taylor, M.A., Head-Master 
of the Ruabon Grammar School. 



Elementary Algebra. 

By J. Hamblin Smith, M.A., of Gonville and Caius College^ and 
late Lecturer at St. Peter's College^ Cambridge. 

i2mo. 3^. Without Answers, 2s. 6d. 

" It is evident that Mr. Hamblin Smith 
is a teachdr, and has written to meet the 
special wants of students. He does not 
carry the student out of his depth by sud- 
den plunges, but leads him gradually on- 
■wsLvd, never beyond his depth from any 
desire to hurry forward. The examples 
appear to be particularly well arranged, so 
as to afford a means of steady progress. 
With such books the judicious teacher will 
have abundant supply of examples and 
problems for those who need to have each 
step ensured by familiarity, and he will be 
able to allow the more rapid learner to tra- 
vel onward with ease and swiftness. We 
can confidently recommend Mr. Hamblin 
Smith's books. Candidates preparing for 
Civil Service examinations under the new 
system of open competition will find these 
works to be of great value."— Ciwi/ Service 
Gazette, 

" There are many valuable and charac- 
teristic features in Mr. Smith's works which 
will meet with the approval of teachers, 
and taught wherever they are used. The 
steps by which he leads the pupil are 
graduid but effectual, the examples are 
copious and well selected, the explanatory 
portions of the works are simple and con- 
cise, the whole forming an admirable ex- 
ample of the best means of writing scientific 

{See Specimen. Tage, No. 6.) 

Algebra. Part II. 

By E. J. Gross, M.A., Fellow of Gonville and Caius CoU^^ 
Cambridge, 

Crown 8vo, [In the Press, 



treatises. A real teacher, knowing a 
teacher's difficulties, and meeting them in 
the best possible manner, is what has long 
been wanted, and is what we have now 
obtained. It is a mistake to suppose the 
'pupils' make hard work of it; no such 
thing ; it is the good, hard-working, de- 
voted, conscientious teacher who takes the 
difficulties upon himself; and therefore 
any writer who simplifies these scientific 
matters confers an incalculable boon upon 
thousands of teachers. Of course the 
pupils are benefited in proportion as their 
work is simplified ; but I maintain that it 
is the teachers who hail with delight the 
'easy methods.' A few words regarding 
each book before me. The Algebra pos- 
sesses one or two points of interest which 
cannot be passed by in silence. The 
chapter on factors ' is excellent, and will 
prove very useful. Surds are not men- 
tioned till after quadratics. And this is as 
it should be, for, in nineteen cases out of 
twenty, the master skips the chapter de- 
voted to surds to go on with quadratics. 
The chapter on Quadratics is one of the 
best in the book, the examples being 
classified : an idea which will save an 
immense amount of labour, and be highly 
appreciated."— C«ar/^r(y Journal of Edu- 
cation, 
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RIVINGTON*S MATHEMATICAL SERIES-con^utd. 

Exercises on Algebra. 

^ J. Hamblin Smith, M.A. 

i2mo. 2J. 6d, 
Copies may be had without the Answers. 



" The exercises are arranged on the fol- 
lowing plan : — Part I. conducts the student 
by gradual steps as far as Geometrical Pro- 
fession, each exercise having the limit of 
Its extent specified in the heading by a 
reference to the chapters of my Elementary 
Algebra. Part 1 1 . contains papers of greater 
length and somewhat more difficulty than 
those in Part I. No question in these 
papers implies a knowledge of any part of 
Algebra beyond Geometrical Fhi^ession, 



but at the end of eadi exercise one'piece of 
bookwork is given. Part III. takes in the 
whole of the subject, so far as I have writ- 
ten on it in my treatise, especial prominen<% 
being given to that portion ot the work 
whioi follows the chapter on Geometrical 
Progression. The questions in bookwork 
in Parts II. and III. follow the order in 
whidi the matters to which they refer are 
given in my treatise."— '/>VMr tke Preface. 



Trigonometry. 

By J. Hamblin Smith, M.A. 

i2mo. 4r. dd. 



*' The method of explanation is similar 
to that adopted in my Elementary Algebra. 
The examples, j^rugressive and easy, have 
been selected chiefly from College and Uni- 
versity Examination Papers ; but I am in- 
debted for many to the works of several 
German writers, especially those of Dien- 
ger, Meyer, Weiss, and Weigand. I have 
carried on the subject somewhat beyond 
the limits set by the Regulations for the 

(Ar Specimen Page^ No, 5.) 



Examination of Candidates for Honours in 
the Previous Examination, for two reasons : 
first, because I hope to see those limits ex- 
tended ; secondly, that my work may be 
more useful to those who are reading the 
subject in schools, and to candidates in the 
Local Examinations."— /VvM the Pre/ace. 
** The arrangement of Trigonometry is 
exccllaxt,*'—Q«arterfy Journal of Educa- 
tion. 



Elementary Statics. 

By J. Hamblin Smith, M.A. 



i2mo. 31. 



" This book is now published in such a 
form that it may meet the requirements of 
Students in Schools, especially those who 
are preparing for the Local Examinations. 
The Examples have been 



selected from Papers set in Cambridge 
University Examinations. The proposi- 
tions requiring a knowledge of Trigono- 
metry are marked with Roman nimierals." 
— From the Preface, 



Elementary Hydrostatics. 



By J. Hamblin Smith, M.A. 

i2mo. 

"The elements of Hydrostatics seem 
.capable of being presented in a simpler form 
than that in which they appear m all the 
works on the subject witn which I am 
acquaunted. I have therefore attempted to 



give a simple explanation of the Mathe- 
matical Theory of Hydrostatics and the 
practical application of it" — Prvfn the 
Preface, 
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RIVINGTOIPS MATHEMATICAL SERIES- 

A Treatise on 'Arithmetic. 

By J. Hamblin Smith, M.A. 

Second Edition, revised. i2mo. 
{See Specimen Page^ No, 4.) 

Elements of Geometry. 



:ontinued. 



{jHst Ready 



By J. Hamblin Smith, M.A. 

l2mo. 51. 6d, 

Containing Books I to 6, and portions of Books 11 and 12, of 
Euclid, with Exercises and Notes, arranged with the Abbreviations 
admitted in the Cambridge Examinations. 

Part I., containing Books I and 2 of Euclid, 2J.; limp cloth, u. 6</., 
may be had separatdy. 



«c< 



'To preserve Euclid's order, to supi)ly 
omissions, to remove defects, to give brief 
notes of explanation and simpler methods of 
proof in cases of acknowledjp^ed difficulty- 
such are the main objects of this edition of 
the Elements. The work is based on the 
Greek text, as it is given in the editions of 
August and Peyrard. To the suggestions 
of the late Professor De Morgan, published 
in the Companion to the British Almanack 
for 1849, I have paid constant deference. 
A limited use of symbolic representation, 
wherein the symbols stand for words and 
not for operations, is generally regarded as 
desirable, and the symbols employed in 
this book are admissible in the Examina- 
tions at Oxford and Cambridge. I have 
generally followed Euclid's method of proof, 
but not to the exclusion of other methods 
recommended by their simplicity, such as 
the demonstrations by which I propose to 
replace the difficult Theorems 5 and 7 in 
the First Book. I have also attemptea to 
render many of the proofs, as, for instance, 
those of Propositions 3, 13, and 35 in Book 
I., and those of 7, 8, and in 13 Book II., less 
confusing to the learner. In Propositions 
4-8 of Book II. I have made an important 
change, by omitting the diagonals from the 
diagrams, and the gnomons from the text. 
In Book III. I have given new proofs of 
the Propositions relating to the Contact of 
Circles, and made use of Superposition to 
prove Propositions 36-28. My treatment 
of the Fifth Book is based on the method of 

{See Specimen Page, No, 3.) 



notation proposed by Professor De Morgan. 
The diagrams of Book XI. have been care- 
fully drawn, and the Exercises, many of 
which are attached as Riders to the Pro- 
positions, are progressive and easy. A com- 
plete series of the Euclid Papers set in the 
Cambridge Mathematical Tnpos from 1848 
to 1873 is given." — From ifu Pf^fac*. 

" Our space permits us to say but few 
words. Tne departure from the Euclidean 
form is not great, but it is a step in the right 
direction ; it is another addition to the chro- 
nicle of progress, and we are promised that 
the third book, now in preparation, *will 
deviate with even greater boldness from the 
precise line of Euclid's method.' This is 
as it should be: there must be no haste, 
but a quiet, continued amendment upon 
previous methods, or we shall be plunged 
into greater difficulties than even Euclid 
presents. Throughout the work, those 
abbreviations allowed at the Cambridge 
examinations are used, thus, /^ for angle, 
A for triangle, '.' for because, .'. for there- 
fore, = for equals, and so on, enabling the 
proposition to be printed in much less space. 
We thus bring Mr. Smith's works before the 
notice of our readers, confidently recom- 
mending them as being excellent treatises 
upon the various subjects of which they 
profess to treat. It is, however, our inten- 
tion to return to the ' Geometry ' at another 
opportunity^"— C«arArf^ yoMmalo/Edw 
cation. 



Geometrical Conic Sections. 

By.G, Richardson, M.A., Assistant-Master at Winchester College, 
and late Fellow of St, Jdhn*s College, Cambridge, 

Crown 8vo. [7«J' Beady, 
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Arithmetic, Theoretical and Practical. 

By W. H. GiRDLESTONE, M.A., of Christ s College^ Camhridgr, 
Principal of the TheologiccU College^ Gloucester, 

New Edition. Crown 8vo, dr. 6</. 
Also a School Edition. Small 8vo. 3^. 6^. 

A rithmetic for the Use of Schools. 

With a numerous Collection of Examples. 

By R. D. Beasley, M.A., ffead-Mtuter of Grantham Grammar 
School. 

l2mo. 3J. 
The Examples separately r—Part I. &/. Part II. u. 6^. 
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SCIENCE 

Preparing for Publication, 

SCIENCE CLASS-BOOKS 

Edited by 
The Rev. ARTHUR RIGG, M.A., 

LATB PRINCIPAL OP THB COLLEGE, CHESTER. 

These Volumes are designed expressly for School use, and by 
their especial reference to the requirements of a School Class-Book, 
aim at making Science-teaching a subject for regular and methodical 
study in Public and Private Schools, 

An Elementary Class-Book on Sound. 

By Gborge Carey Foster, B.A., F.R.S., Fellow of and Professor 
of Physics in. University College, London, 

An Elementary Class-Book on Electricity. 

By George Carey Foster, B.A., F.R.S., Fellow of, and Professor 
of Physics in. University College, London, 

Botany for Class-Teaching. 

With Exercises for Private Work, 

By F. E. Kitchener, M.A., F.L.S., Assistant-Master at Rugiy 
School, and late Fellow of Trinity College, Cambridge, 

Other Works are in preparation. 

An Easy Introduction to Chemistry. 

For the rise of those who wish to acquire an elementary knowledge of 
the subject, and for Families and Schools. 

Edited by the Rev. Arthur Rigg, M.A., late Principal of The Col- 
lege^ Chester,. 

With numerous Illustrations. Crown 8vo, \3ust Ready, 
{See Specimen Page, No, 2.) 

A Years Botany. 

Adapted to Home Reading. 
By Frances Anna Kitchener. 

With Illustrations. 8vo. [Nearly Ready. 
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Easy Exercises in Latin Prose. 

With Notes. 
By Charles Bigg, M.A., Principal of Brighton College, 
Small 8vo. is, 4//. ; sewed, 9^/. 



" This little book is intended for use in 
Lower Forms — for boys who have just 
emerged from the Subsidia. Too much time 
is spent as a rule over exercises upon idio- 
matic sentences. The first object should 
be to teach a boy to construct a period and 
g^ve him some command of language. Not 
till these two stei>s have been taJcen can 
he really appropriate those more difficult 
phrases and constructions which have little 
or no analogy in English, and are com- 

?arativel^ rarely met with in reading Latin, 
have given a few Notes by way of Intro- 



duction. Their object is not so much to 
instruct as to warn. It is a more important 
thing to make a boy feel a difficulty than 
to show him how to avoid it. I would 
suggest that, in the case of Exercises z — ai, 
the passages in Livy should be carefully 
read and explained in form. Then the 
English should be turned into Latin, and 
the Latin carefully corrected. Then a 
week or a fortnight afterwards, the Exer- 
cise should be done over again orally and 
from memory." — From the Preface. 



Latin Prose Exercises. 



For Beginners, and Junior Forms of Schools. 

By R. Prowde Smith, B.A., Assistant-Master at Cheltenham 
College, 

[This Book can be used with or without the Public School Latin 
Primer.] 

Second Edition. Crown 8vo. 2x. 6^. 



" The object^ of this book is to teach 
Latin composition and English Grammar 
simultaneously, and it is believed that the 
b^inner will find the acquisition of the 
former much easier, when he finds he is 
approaching it through routes, which turn 
out on inspection to be already familiar to 
him. This system has been tested for 
sevoral years, and has always been found 
to work successfully." — From, the Preface. 

"This is certainly an improvement on 
the g^rammar-school method, and may be a 
step m the way of teaching English before 
Latin. V—£jra«it0Mr. 

'* The plan upon which these excrd s e s 
are founded is decidedly a good one^ and 
none the less so that it is a very simple 
one.*'— ^k&M/MMM/ Timet, 



"This book differs from others of the 
same class in containing lessons in English 
to assist b^inners in doing the Latin excr- 
dses. We quite agree with Mr. Smith, as 
to the necessity of some knowledge of 
English and the prindples of Grammar, 
as a qualification for writing Latin Prose 
correctly. His explanation of the more 
difficult constructions and idioms is very 
distinct, and altogether the book is highly 
satisfactory." — A tktnttum. 

** We have turned at random to various 
pages, and in each one have found the 
method the author has laid down for him- 
self in the Preface well carried out. The 
examples on the dative are done with 
q)edal care and judgment." — ^oAn. Bull. 
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Henrys First Latin Book. 

By Thomas Kerchever Arnold, M.A. 

Twenty-first Edition. i2mo. 3J. Tutor*s Key, u. 

A Practical Introduction to Latin 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Sixteenth Edition. 8vo. dr. dd. Tutor's Key, u. 6^. 

Cornelius Nepos. 

With Critical Questions and Answers, and an Imitative Exercise 
on each Chapter. 
By Thomas Kerchever Arnold, M.A. 

Fifth Edition. i2mo. \s, 

A First Verse Book. 

Being an Easy Introduction to the Mechanism of the Latin Hexa- 
meter and Pentameter. 
By Thomas Kerchever Arnold, M. A. 

Ninth Edition. i2mo. 2j. Tutor's Key, \s. 



Progressive Exercises 

Elegiac Verse. 



in Latin 



By C. G. Gepp, B. A., laU Junior Student of Christ Churchy Oxford; 
Head-Master of the College^ Stratford-ok-Avon, 

Second Edition. Crown 8vo. 31. 6^. Tutor's Key« 51. 



"The selection is well made, and the 
Notes appear to be judicious."~£jr0mf>(^r. 

"A very carefully prepared book, and 
will be useful to those who still find that 
time devoted to the making of Latin Verse 
is not time wasted." — Standard. 

" Now that the absurdity of malting all 
bo3rs, however unfitted by nature, write 
Lauin Verse is universally admitted, there 
is a danger of falling mto the opposite 
err(V of supposing that the exercise can 
be of no use to any. The comparatively 
few who, besides being able to read Latin 
poetry intelligently, have a taste for versifi- 
cation, may derive both advantage and 
pleasure from it, and could not have a 
better guide to direct them than Mr. Gepp, 



who cautions them against the faults to 
which they are liable, and furnishes them 
with such aids as will prevent them from 
being baffled by the difficulties of the task, 
without, however, relieving them from the 
necessity of mental exertion." — Atheiutum. 

"A well-planned ""and skilfuUy worked- 
out little book."— jDtfib' Teltigraph. 

" There would probabljr be a less fierce 
set against a study, which is simply delight- 
ful to those who have mastered it, had re- 
formers and reviewers had so pleasant a 
manual as Mr. Gkpp's to begin with. . . . 
We shall be glad if our brief notice of this 
book leads to its introduction into Prepara- 
tory Schools." — Illustrated Review, 
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Materials and Models for Greek and \ 

Latin Prose Composition. 

Selected and arranged by J. Y. Sargent, M.A., Tutor^ late Fellow^ ! 
of Magdalen College^ Oxford; and T. F. Dallin, M.A., Fellow and 
Tutor of Queen's College, Oxford, 

Crown 8vo. *is, ()d» 

Latin Version of (60) Selected Pieces 

from Materials and Models. 

By J. Y. Sargent, M.A. 

Crown 8vo. ^s, 
llix^ be had by Tutois only, by direct application to the Publishers. 

Classical Rxamination Papers. 

Edited, with Notes and References^ fy P. J. F. Gantillon, M.A., 
sometime Scholar of St, ybhn's College, Cambridge ; Classical Master in 
Cheltenham College, 

Crown 8vo. *js, 6d, 
Or interleaved with writing-paper, half-bound, lor. 6d, 

Eclogce Ovidiancs. 

From the Elegiac Poems. With English Notes. 
By Thomas Kerchever Arnold, M.A. 

Twelfth Edition. i2mo. 2x. 6^. 

Cicero. 

With EngUsh Notes. 
Edited by Thomas Kerchever Arnold, M.A. 

i2mo. 
Selected Orations. Third Edition. 4x. 
Selected Epistles. 5x. 

The Tusculan Disputations. Second Edition. $s. 6d, 
Ds FiNiBus Malorum et Bonorum. 5^. 6d. 
Cato Major, sive De Senectute Dialogus. 2j. 6^. 
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Terenti Comoediae. 



Edited by T. L. Papm-LON, M.A., Felhw of New College^ and late 
Fellow of Merton^ Oxford, 
Andria et Eunuchus. 

Crown 8vo. 4x. 6<i 
Forming d Part of the* ^ Catena Classi£orumy 

yuvenalis Satirae. 

Edited by G. A. SiMCOX, M.A., Fellow and Classical Lecturer of 
Queen^s College^ Oxford, 
Thirteen Satires. 
Second Edition, enlarged and revised. Crown Svo. 5x. 
Forming a Part of the ^^ Catena Classieorum** 
{See Specimen Page, No, 7.) 

Persii Satirae. 

Edited by A. Pretor, M. A., of Trinity College, Cambridge, Classical 
Lecturer of Trinity Hall, Composition Lecturer of the Perse Grammar 
School, Cambridge. 

Crown Svo. 3^. 6^. 
Forming a Part of the** Catena Classicorum,^* 

A Copious and Critical English- 
Latin Lexicon. 

By T. K. Arnold, M.A., and^ E. Riddle, M.A. 

New Edition. Svo. 2IJ-. 



-•o^ 
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GREEK 

lophon: an Introductum to the Art 

of Writing Greek Iambic Verses. 

By the Writer of " Nuces " and " LuertHtis:' 

Crown 8ya 2j. 

" This t>ook contains a number of easy and, we think, likely to be rery useful to 

exercises, to be turned into Iambics. There the class for whom they are designed." — 

are also some instructions for beginners in Edncatumal Times. ^ 
Greek verse-making, which are clearly put, 

{S^e Specimen Fage^ No^ 9.) 



A Table of Irregular Greek Verbs. 

Classified according to the arrangement of Cnrtius's Greek Grammar. 
By Francis Storr, M.A., Assistant-Master in Marlborough College, 

On a Card. 



IS. 



Selections from Lucian. 

With English Notes. 
By Evelyn Abbott, Assistant-Master in Clifton College. 

Small Svo. 3^. 6d. 



" A very useful edition of ' Ludan/ with 
a series of clear and remarkably carefully 
written notes, which cannot fail to be of 
service to all students of this wily old 
Greek. It is by far the best school edition 
we have aecn "-Standard. 

'* Mr. Abbott has done wisely in publish- 
ing a selection from Ludan, an author, 
part of whose writings are just suited to 
boys who know enough Greek to read an 
easy iat>se author. His references to the 
Engli^ poets and the exercises for re- 
tranislation are good points in his book."— 
AtAemettm. 

*' Ludan is certainly an author who de- 
serves to be more r^id than he is. Hb 
style is easy enough, and his matter by no 



means uninteresting.^ Perhaps these selec- 
tions may do something towards populariz- 
ing him. They seem well-chosen and the 
notes are ample. . . . The introduction, 
giving a sketch of Ludan and his works, 
is very well and pleasantly written." — 
Mducational Time*. 

"We are predisposed to welcome Mr. 
Abbott's selections from a favourite author, 
more produdble and easier to master thaa 
Aristophanes, and yet little, if at all, less 

entertaining. We have found the 

critical and explanatory notes sound and 
serviceable. . . . The dialogues, of which 
Mr. Abbott supplies such exigent samples, 
will be excellent and delightful reading."—. 
Saturday Review. 
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Extracts from Herodotus. 

The Tales of Rhampsinitns and Polycrates. In Attic Greek. 

Edited^ with English Notes for use in Schools^ by J. Surtees PhilL- 
POTTS, M. A., Assistant-Master in Rugby School; formerly Fellow of 
New College^ Oxford, 

In Wrapper. Crown 8vo. 9^. 

The First Greek Book. 

On the plan of " Henry's First Latin Book." 
By Thomas Kerchever Arnold, M.A. 

Sixth Edition. i2mo. 5j. Tutor's Key, u. 6^. 

A Practical Introduction to Greek 

Accidence, 

With £Uisy Exercises and Vocabulary. 
By Thomas Kerchever Arnold, M.A. 

Eighth Edition. 8vo. ^j. td, 

A Practical Introduction to Greek 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Eleventh Edition. Svo. 51. ddT. Tutor's Key, u. td, 

Madvigs Syntax of the Greek Lan- 
guage, especially of the Attic Dialect, 

For the use of Schools. 

Translated by Henry Browne, M.A., and Edited hy the late 
T. K. Arnold, M.A. 

New Edition, imperial i6mo. Sx. 6(f. 
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SCENES FROM GREEK PL A YS 

RUGBY EDITION 

Abridged and adapted for the use of Schools^ by 
ARTHUR SIDGWICK, M.A., 

ASSISTANT-1EA8TBR AT RUGBY SCHOOL, AND FORMBKLY FELLOW OF 
TRINITY COLLBCB, CAMBRIDGE. 

Small 8vo. \s, 6d. each. 

Aristophanes. 

the clouds. the frogs. the knights. plutus. 

Euripides. 

iphigenia in tauris. the cyclops. ion. 

ELECTRA. 



' " Mr. Sidgwidc has put on the title-pages 
of these modest little volumes the words 
'Rugby Edition/ but we shall be much 
mistdcen if they do not find a far wider 
circulation. The prefaces or introductions 
which Mr. Sidgwick has prefixed to his 
' Scenes ' tell the youthful student all that 
he need know about the play that he is 
taking in hand, and the parts chosen are 
those which give the general scope and 
drift of the action of the ^\2cy.**— School 
Board Chronicle. 

"Each play is printed separately^ on 
good P^pcr. and in a neat and handy form. 
The difncult passages are explained by the 
notes appended, which are of a particularly 
useful and intelligible kind. In all respects 
this edition presents a very pleasing con- 
trast to the German editions hitherto in 
general use, with their Latin explanatory 
notes — themselves often recjuiring explana- 
tion. A new featture in this edition, whidi 
deserves mention, is the insertion in English 
of the stage directions. By means of them 
and the argument prefixed, the study of the 
play is much simplified. "--vS'ay/«Ma». 

*' A short preface explains the action of 
the play in each case, and there are a few 
notes at the end which will clear up most 
of the difficulties likely to be met with by 
the young student." — Educational Times, 

*' Just the book to be put into the hands of 
boys who are reading Greek plays. They are 

{See Specimen 



carefully and judiciously edited, and form 
the most valuable aid to the study of the ele- 
ments of Gredc that we have seen for many 
a day. The Grammatical Indices are espe- 
cially to be commended." — Ath^rutum. 

** These editions afford exactly the kind 
of help that school-boys require, and are 
really excellent class-books. The notes, 
though very brief, are of much use and 
always to the point, and the arguments and 
arrangement of the text are equally good 
in their way." — Standard. 

** Not professing to give whole dramas, 
with their customary admixture of iambics, 
trochaics, and choral odes, as pabulum for 
learners who can barely digest the level 
speeches and dialogues commonly confined 
to the first-named metre, he has arranged 
extracted scenes with much tact and skill, 
and set them before the pupil with all need- 
ful information in the shape of notes at the 
end of the book ; besides which he has added 
a somewhat novel, but highly commendable 
and valuable feature — namely, appropriate 
headings to the commencement of each 
scene, and appropriate stage directions dur- 
ing its prognss. -SaturOMy Review. 

" These are attractive little books, novel 

in design and admirable in execution 

It would hardly be possible to find a better 
introduction to Aristophanes for a young 
student than these little books afford." — 
London Quarterly Review. 

Page, No. 8.) 
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Homer for Beginners. 

Iliad, Books I.— III. With English Notes. 
By Thomas Kerchever Arnold, M.A. 

Third Edition. i2mo. ^j*. 6</. 

The Iliad of Homer. 

From the Text of Dindorf. With Preface and Notes. 

By S. H. Reynolds, M. A., Fellow and Tutor of Brasenose Collegia 
Oxford, 

Crown 8vo. 

Books I.— XII. dr. 

Forming a Part ofthe** Catena Classicorum»^ 

The Iliad of Homer. 

"With English Notes and Grammatical References. 
By Thomas Kerchever Arnold, M. A. 

Fourth Edition. i2mo. Half-bound, I2x. 

A Complete Greek and Rnglish 

Lexicon for the Poems of Homer and 

the Homeridce. 

By G. Ch. Crusius. Translated from the German, Edited by 
T. IC Arnold, M.A. 

New Edition. i2mo. 9J. 

■ 

Materials and Models for Greek and 

Latin Prose Composition. 

Selected and arranged by J. Y. Sargent, M.A., Tutor^ late Fellow 
of Magdalen College^ Oxford; and T. F. Dallin, M.A., Fellow and 
Tutor of Queen^s College^ Oxford. 

Crown Svo. 7j. 6</. 
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Classical Examination Papers. 

Edited^ with Notes and 'References^ by P. J. F. Gantillon, M. A., 
sometime Scholar of St, John^s College^ Cambridge; Classical Master 
at Cheltenham College* 

Crown 8vo. *js, 6d. 
Or interleaved with writing-paper for Notes, half-bound, lor. 6d. 

Demosthenes. 

Edited^ with English Notes and Grammatical References^ hy Thomas 
Kerchever Arnold, M.A. 

i2mo. 
Olynthiac Orations. Third Edition, y. 
Philippic Orations. Third Edition. 41. 
Oration on the Crown. Second Edition. 4/. ()d, 

Demosthenis Orationes Privatae. 

Edited iy Arthur Holmes, M.A., Senior Fellow and Dean of 
Clare College^ Canibridg^^ and late Preacher at the Chapel Rcyal, 
Whitehall. 

Crown 8vo, 
De Corona. 5j. 

Eorming a Part of the ^^ Catena Classicorum** 

Demosthenis Orationes Puhlicae. 

Edited by G. H. Heslop, M.A., late Fellow and Assistant-Tutor of 
Queen* s College^ Oxford; Head- Master of St, Bees, 

Crown 8vo. 

OLYNTHFACS, 2J. 6</. ) . r\ xr i . HJ 

_ ' > or, m One Volume, ls, td. 

Philippics, y, J 

De Falsa Legations, dr. 

Forming Parts of the ^* Catena Classicorum** 



Isocratis Orationes. 



Edited by John Edwin Sandys, K.A., FelUm and Tutor of 
St, John's College, Cambridge, 

Crown Svo. 
Ad Demonicum et Panegyricus. 4;. 6d, 

Forming a Part of the ^^ Catena ClassicorumP 
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The Greek Testament. 



With a Criticallj Revised Text ; a Digest of Various Readings ; 
Maigioal References to Verbal and Idiomatic Usage ; Prolegomena ; 
and a Critical and Exegetical Commentary. For the use of Theolo- 
gical Students and Ministers. 

By Henry Alfo&d, D.D., laU Dean of Canterbury, 

New Edition. 4 Vols. Svo^ I02x. 

The Volmnes are sold separately, as follows : 

VoL I.— The Four Gospels. 2%s, 
VoL IL — Acts to IL Corinthians. 24J. 
VoL III.— Oalatians to Philemon. i8x. 
VoL IV. — Hebrews to Revelation. 32j'. 

The Greek Testament. 

With Notes, Introductions, and Index. 

By Chr. Wordsworth, D.D., Bishop of Lincoln ; formerly Canon 
of Westminster^ and Archdeacon, 

New and cheaper Edition. 2 vols. ImpL 8vo. 6Qr. 

The Parts may be had separately,, as follows : — 

The Gospels. i6>. 

The Acts. 8j. 

St. Paul's Epistles. 23J. 

General Epistles,. Revelation, and Index, idr. 

An Introduction to Aristotle s Ethics. 

Books I. — IV. (Book X., c. vi. — ix. in an Appendix.) With a Con- 
tinuous Analysis and Notes. Intended for the U&e of Beginners and 
Junior Students. 

By the Rev. Edward Moore, B.D., Principal of S, Edmund ffall, 
and late Fellow and TUtor of Queen^s College, Oxford 

Crown 8vo< los, td,. 

Aristotelis Ethica Nicomachea. 

Edidit, emendavit, crebrisque locis parallelis e libro ipso, aliisque 
ejusdem Auctoris scriptis, illustravit Jacobus E. T. Rogers, A.M. 
Small 8vo. 4^. dd. Interleaved with writing-paper, half-bound. 6x. 
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Sophocles. 



With English Notes from Schneidbwin. * 

Ediudbyl, K. A&NOLD, M.A.y Archdeacon Paul, and Henry 
Browne, M.A. 

i2mo. 

AjAX. 3J. Philoctetes. 3j. CEdipus Tyrannus. 41. GEdipus 

COLONEUS. 4r. Antigone. 41. 

Sophoclis Tragoediae. 

Edited by R. C. Jebb, M.A., Fellow and Assistant-Tutor of Trinity 
College^ Cambridge^ and Public Orator of the University. 

Crown 8vo. 

Electra. Second Edition, revised. 3^. 6d, 
AjAX. 3^. 6d. 

Forming Parts of the ^* Catena Classicorum,^* 

Aristophanis Comoediae. 

Edited by W. C. Green, M.A., late Fellow of Kin^s College^ 
Cambridge ; Assistant- Master at Pugby School. 

Crown 8vo. 

The Acharnians and The Knights. /^. 
The Clouds. 3J. td. 
The Wasps, y. 6d. 

An Edition of *' The Acharnians and The Knights," revised 
and especially prepared for Schools. 41. 

Forming Parts of the ** Catena Classicorum.** 



Herodoti Historia. 



Edited by H. G. Woods, M.A., Fellow and Tutor of Trinity College, 
Oxford, 

Crown 8vo. 

Book I. dr. Book IL 51. 
Forming Parts of the ^* Catena Classicorum** 
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A Copious Phraseological English- 

Greek Lexicon. 

Founded on a work prepared by J. W. Fradersdorff, FIlD., UUe 
Professor of Modern Languages^ Queen^s College, Belfast. 

Revised^ Enlarged, and Improved by the late Thomas Kerchever 
Arnold, M.A., and Henry Browne, M.A. 

Fourth Edition. Svo. 2ix. 

Thucydidis Historia. 

Edited by Charles Bigg, M.A., late Senior Student and Tutor oj 
Christ Church, Oxford; Principal of Brighton College. 

Crown Svo. 

Books I. and II. ts. 

Forming a Part of the ** Catena Classicorum,^ 
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A Companion to the Old Testament. 

Being a plain Commentary on Scripture History down to the Birth 
of our Lord. 

Small 8vo. y, 6d, 

[Especially adapted for use in Training Colleges and Schools.] 



(f 



A ytry compact summary of the Old 
Testament narrative^ put together so as to 
explain the connection and bearing of its 
contents, and written in a very good tone ; 
with a final chapter on the history of the 
Jews between the Old and New Testa- 
ments. It will be found very useful fos' 
its purpose. It does not confine itself to 
merely chronological difficulties, but^ com* 
ments freely upon the religious bearing of 
the text 9]so.'*— Guardian. 

**A most admirable CompaHwn to the Old 
Testament, being far the most concise yet 
complete commentary on Old Testament 
history with whidi we have met. Here 
are combined orthodoxy and learning, an 
intelligent and at the same time interesting 
summary of the leading facts of the sacred 
story. It should be. a text-book in. every 
school, and its value is immensely enhanced 
by the copious and complete index."-— 
yokn BuU. 

" The handbook before us is so full and 
satisfactory, considering its compass, and 
sets forth the history ot the Old Covenant 
with such conscientious minuteness, that it 
cannot fail to prove a godsend to candidates 



for examination in the Rudimenta Religio- 
nb as well as in the corresponding school 

at Cambridge Enough hias been 

said to express our value of this useful 
work, which cannot fail to win its way into 
our schools, colleges, and universities." — 
En£luh Churchman. 

"The book is one that should have a wide 
circulation amongst teadiers and students 
of all denominations." — Bookseller. 

"This will be found a sufficient text- 
book for teaching Old Testament history. 
There are no lengthy comments and the 
plan of the work excludes arguments ; but 
the historical narratives are well condensed 
and the explanatory notes are scholariy and 
clear. The tone of the book is thoroughly 
reverent and Christian." — London Q-uar- 
terly Review. 

As a text-book for the u]>per forms of 
schook and collies and divimty students^ 
this Companion of Old Testament history 
is, in consequence of its completeness, most 

valuable Interspersed throughAit 

the volume are several important chrono- 
logical and genealogical tables." — Fitblic 
Opinion. 



[JSee Specimen Page^ No. la) 

The Young Churchman s Companion 

to the Prayer-Book. 

Part I. — Morning and Evening Prayer and Litany. 

By the Rev. J. W. Gedge, M.A., Diocesan Inspector of Schools for 
the Archdeaconry of Surrey, 

Recommended by the Lord Bishop of Winchester. 

i8mo. ij. 



LONDON, OXFORD, AND CAMBRIDGE. 



D IVINI T Y .] EDUCATIONAL LIST. 25 

Prayers and Meditations for the 

Holy Communion. 

With a Preface by C J, Ellicott, D.D., Lord Bishop of Gloucester 
and Bristol. 

With rubrics and borders in red. Royal 32mo. 25, 6d, 

A Manual of Confirmation. 

With a Pastoral Letter instructing Gatechumens how to prepare them- 
selves for their First Communion. 
By Edward Meyrick Goulburn, D.D., Dean of Norwich, 
Eighth Edition. Small 8vo. u. 6^. 

The Treasury of Devotion. 

A Manual of Prayers for General and Daily Use. 

Compiled by a Priest, Edited by the Rev. T. T. Carter, M. A., 
Rector of Clewer, Berks, 

Sixth Edition. i6mo, limp cloth, 2s. ; cloth extra, 2s, td. 
Bound with the Book of Common Prayer, 33-. (>d. 

The Way of Life. 

A Book of Prayers and Instruction for the Young at School. With 
a Preparation for Holy Communion. 

Compiled by a Priest, Edited by the Rev; T. T. CARTER, M.A., 
Rector of Clewer, Berks. 

l6mo, IJ. 6«/. 

The Lord's Supper. 

By Thomas Wilson, D.D., late Lord Bishop ofSodor and Man, 

Complete Edition, with red borders, i6mo. 2s, 6d. 
Also a Cheap Edition, without red borders, ij; ; or in paper cover, 6d. 



Household Theology.. 



A Handbook of Religious Information respecting the Holy Bible, the 
Prayer-Book, the Church, the Ministry, Divine Worship, the Creeds, 
&c., &c. 

By the Rev. John Henry Blunt, M.A. 

New Edition^ Small 8vo. 31.. 6^. 
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KEYS TO CHRISTIAN KNOWLEDGE. 

Small 8vo. 2s. 6d. 



** 



Of cheap and reliable text-books of this 
nature there has hitherto been a great want. 
We are often asked to recommend books 
for use in Church Sunday-schools, and we 
therefore take this opportunity of saying 
that we know of none more likely to be of 
service both to teachers and scholars than 
these 'Knys.* "—CkurvAmoH's ShUling 
Maga*ime. 



** Will be very useful for the higher classes 
in Sunday schools, or rather for the fuller 
instruction of the Sunday-school teachers 
themselves, where the parish Priest is wise 
enough to devote a certain time r^^Iarly 
to their nreparation for their Tonmtary 
task." — unum. Review. 



A Key TO the Knowledge and Use of the 

Holy Bible. 
By the Rev. J. H. Blunt, M.A. 

A Key TO the Knowledge and Use of the 

Book of Common Prayer. 
By the Rev. J. H, Blunt, M.A. 

A Key TO the Knowledge of Church His- 
tory (Ancient). 
Edited by the Rev. J. H. Blunt, M.A. 

A Key TO the Knowledge of Church His- 
tory (Modern). 
Edited by the Rev. J. H. Blunt, M.A. 

A Key TO Christian Doctrine and Practice, 

FOUNDED ON THE ChURCH CaTECHISM. 

By the Rev, J. H. Blunt, M.A. 

A Key to the Narrative of the Four Gospels. 

By the Rev. John Pilkington Norris, M.A., Canon of Bristol^ 
Church Inspector of Training Colleges^ andformerly one of Her Majat^i 
Inspectors of Schools. 

A Key to the Narrative of the Acts of the 

Apostles. 
By the Rev. John Pilkington Norris, M.A. 
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MISCELLANEOUS 

The Campaigns of Napoleon. 

From M. Thiers* '' Histoire du Consulat et de P Empire:* Edited 

with English Notes and Maps, fir the use of Schools, by Edward 

E. BowEN, Master of the Modern Side Narrow School^ late Fellow 

of Trinity College^ Cambridge. 

4 Vols, Crown 8vo, 
VoL I. Arcola. \yust ready. 

VoL II. Marengo. Vfi^l ready. 

Vol III. Jena. [Preparing. 

VoL IV. Waterloo. [Preparing. 

(See Specimen Page, No. 12.) 

Selections from Modern French Au- 
thors. 

Edited, with English Notes and Introductory Notice, by Henri Van 
Laun, formerly French Mcuter at Cheltenham College, and now 
Mcuter of the French Language and Literature at the Edinburgh 
Academy. 

Crown 8vo. 3^. 6d. each. 

I. HoNORE de Balzac. 

II. H. A. Taine. 

The First French Book. 

On the plan of " Henry's First Latm Book." 
By Thomas Kerchever Arnold, M.A. 

Sixth Edition, i2mo. 5x. dd. Key, 2r. (^. 

The First German Book. 

On the plan of " Henry's First Latin Book." 

By Thomas Kerchever Arnold, M.A., and J. W. Fra- 

DERSDORFF, Ph.D. 

Sixth Edition. i2mo. 5^. (id. Key, 2s. 6d. 
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The First Hebrew Book. 

On the plan of " Henry's First Latin Book." 
By Thomas Kerchever ARNOLDi M.A*. 

Third Edition. i2mo. Is. 6d. Key, 3^. 6d, 

A Theory of Harmony. 

Founded on the Tempered Scale; With Questions and Exercises 
for the Use of Students. 

By John Stainer, Mus. Doc, M.A., Magdi Coll, Oxon, Organist 
to SLPauPs Cathedral 

Second Edition. 8vo. 7/. dd. 



The Choristers Guide. 



By W. A. Barrett, Mus. Bac, Oxon, of St, PauPs Cathedral^ 
Author of ** Flowers and Festivals,^^ 

Square i6mo. 

[See Specimen Page^ No, 1 1.) 
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CATENA C LAS SI CO R U M 



ji SERIES OE 

CLASSICAL AUTHORS, 

Edited by Members of both Universities, under the direction of the Rev. 
Arthur Holmes, M.A., Senior Fellow and Dean of Clare College, 
Cambridge, and late Ereacher at the Chanel Royal, Whitehall; 

and 

The Rev. Charles Bigg, M. A., late Senior Student and Tutor of Christ 
Church, Oxford; Principal of Brighton College, 

Crown ""Svo. 

SoPHOCLis Tragoediae. 

Edited by R. C. Jebb, M.A.; Fellow and Tutor of Trinity College, 
Cambridge, and Public Orator of the University, 

The Electra. 3j. 6d. The Ajax. ^x. (id. 



"We have no hesitation in saying that 
in style and manner Mr. Jebb's notes are 
admirably suited for their purpose. Tht 
explanations of erammatical pomts are sin- 
gularly luddi the parallel passages gene- 
rally well dbosen, the translations bright 
and graceful, the ansdysis of arguments 
terse and luminous. Mr. Jebb has clearly 
shown that he possesses some of the quali- 
ties most essential for a commentator.''— 
Spectator. 

" The Introduction proves that Mr. Jebb 
is somediing more than a mere scholar,— 
a man of real taste and feeling. His criti- 
cism upon Schlegel's remarks on- the Elec- 
tra are, we believe, new, and certainly just. 
As we have often had occasion to say in 
this Review, it is impossible to pass any 
reliable criticism upon school-books until 
they have been tested by experience. The 
notes, however, in this case appear to be 
clear and sensible, and direct attenHon to 
the points where attention is most needed." 
•^iVestminster Review. 

" In a concise and succinct style of Eng- 
lish annotation, forming the best substitute 
for die time-honoured Latin notes which 
had so much to do with making good scho- 
lars in days of yore, Mr. Jebb keeps a 
steady eye for all questions of grammar. 



construction, scholarship, and philology, 
and handles these as they arise with a 
helpful and sufficient precision. In matters 
of grammar and syntax, his practice for the 
most part is to refer his reader to ithe pro- 
per section of Madvig's ' Manual of Greek 
Syntax : ' nor does he ever waste space and 
time in explaining a construction, unless it 
be such an one as is not satisfactorily dealt 
with in the grammare of Madvig or Jelf. 
Experience as a pupil and a teacher has 
probably taught him the value of the whole- 
some task of hunting out a grammar refer- 
ence for one-self, mstead of finding i^ 
handy 'for slurring over, amidst the hun- 
dred and one pieces of information in a 
voluminous foot-note. But whenever there 
occurs any peculiarity of construction, 
which is hard to' reconcile to the accepted 
usage, it is Mr. Jebb's general practice to 
be ready at hand with manful assistance." 
~-42<mtemporary Review. 

" Mr. Jebb has produced a work which 
will be read with interest and profit by the 
most advanced scholar, as it contains, in a 
compact fonn, not only a oareful summary 
of the labours-of preceding editors, but also 
many acute and ingenious origina^remarks. 
We do not know whether, the matter or the 
manner of this excellent commentary is de- 
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serving of die higher praise : the skill with 
which Mr. Jebb has avoided, on the one 
hand, the wearisome prolixity of the Ger- 
mans, and on the other the jejune brevity 
of the Porsonian critics^ or the versatility 
which has enabled him in turn to elucidate 
the plots, to explain the verbal difficulties, 
and to illustrate the idioms of his author. 
All tl^s, by a studious economy of s^iace 
and a remarkable precision of expression, 
he has done for the ' ^'ax ' in a volume of 
some 300 pa^es." — Atkemtum. 

"An acadental tardiness in notidne 
these instalments of a Sophocles which 
promises to be one of the ablest and most 
useful editions published in this country 
must not be construed into any lack of 



due appreciation of their value. It seemed 
best to wait till more than one play had 
issued from the press ; but it is not too late 
to express the favourable impression which 
we have formed, from the two samples 
before us, of Mr. Jebb's eminent qualinca- 
tions for the task of interpreting Sophocles. 
Eschewing the old fashion of furnishing 
merely a grammatical and textual commen- 
tary, he has concentrated very much of the 
interest of his edition in the excellent and 
exhaustive introductions whidi preface 
each j>lay, and which, while exduding 
what IS not strictly connected with the sub- 
ject, discuss the real matter in hand with 
acuteness and tact, as well as originality 
and research.'' — Saturday Review. 



JUVENALIS SaTIRAE. 

By G. A. SiMCOX, M.A., FeUow and late Classical Lecturer of 
Queen's College, Oxford. 

New Edition, revised and enlarged, y. 



«' 



'Thb is a very original and enjoyable 
Edition of one of our favourite classics." — 
S^tator. 

** A very valuable and trustworthy school- 
book. The introduction, notes, and text 



are all maxked with scholarly taste, and a 
real desire to i^ce in the hands of the 
learner all that is most effective to throw 
light upon the author." — Standard, 



Thucydidis Historia. 

By Charles Bigg, M. A., late Senior Student and Tutor of Christ 
Church f Oxford; Principal of Brighton College. 

Books I. and II. 6s. 



**• 



'Mr. Bigg in his 'Thucydides' jnefixes 
an analysis to each book, and an admirable 
introduction to the whole work, containing 
full information as to all that is known <Mr 
related of Thucydides, and the date at 
which he wrote, followed by a very masterly 
critique on some of his characteristics as a 
writer." — A tkerunttn. 

"While disdaiming absolute originality 
in his book, Mr. Bigg has so thoroughly 
digested the works of so many eminent 
predecessors in the same field, and is evi- 
dently on terms of such intimacy with his 
author as perforce to inspire confidence. 
A well-pondered and well-written introduc- 
tion has formed a part of each link in the 
' Catena ' hitherto published, and Mr. Bigg, 
in addition to a general introduction, has 
given us an essay on ' Some Characteristics 
of Thucydides,' which no one can read 



without being impressed with the learning 
and judgment brought to bear on the sub- 
'}txA.**-— Standard. 

"We need hardly say that these books 
.are carefully edited : the reputation of the 
editor is an assurance on this point. If the 
rest of the history is edited with equal care, 
it must become the standard book tor school 
and college purposes."— yioAff BuU. 

"Mr. Bi^ first discusses the facts of 
the life of Thucydides, then passes to an 
examination into the date at wnich Thucy- 
dides wrote ; and in the third section ex- 
patiates on some characteristics of Thucy- 
dides. These essays are remarkably well 
written, are judidous in their opinions, and 
are calculated to give the student much 
insight into the work of Thucydides;, and 
its relation to his own times, and to the 
wprksof subsequent historians."— ^«tf«VMt. 
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Demosthenis Orationes Publicae. 

Ey G. H. Heslop, M.A., iatg Fellow and Assistant-Tutor of Queen^s 
College^ Oxford; Head-Master of St, Bees. 

The Olynthiacs. 2j. 6</. 

The Philippics. 3*. 

De Falsa Legations. 6x. 



I or, in One Volume, 4J. 6d, 



THE OLYNTHIACS 

" The annotations are scarcely less to be 
commended for the exclusion of superfluous 
matter than for the excellence of what is sup- 
plied. Well-known works are not quoted, 
but simply referred to, and information 
which ought to have been previously ac- 
quired is omitted/' — Athetugum. 

** Mr. Heslop's critical scholarship is of 
an accurate ana enlai^ed order. His read- 
ing of the chief authorities, historical, criti- 
cal, explanatory, and technical, has been 
commendably thorough ; and it would be 



AND PHILIPPICS. 

impossible to ^o throuf^h either the Olyn- 
thiacs, or Philippics, with his aid, and not 
to have picked up many pieces of informa- 
tion to add to one's stock of knowledge of 
the Greek language and its use among the 
orators, who rendered its latter day famous. 
He is moreover an independent editor, and, 
we are glad to find, holds his own views as 
to readings and interpretations, undismayed 
by the formidable names that occasionally 
meet him in his ytv/.**— Contemporary R*- 
vuw. 



DE FALSA LEGATIONE. 



"The 'notes are full, the more difficult 
idioms being not only elucidated by refer- 
ences to grammars, but also illustrated 
by a weadth of apt and well-arranged 
quotations. Hence we imagine that the 
attentive reader will not be content with 
a single perusal of the commentary^ but 
will find it worth while to have it by 
his side, when he is engaged upon other 
speeches of the Athenian orator. Mr. 
Heslop gives us an historical introduction 
as well as occasional summaries and histori- 
cal notes, which seem to us just what they 
ought to be." — Athenaum. 

" Deserves a welcome. There is abun- 
dant room for useful and handv editions of 
the chief orations of Demostnenes. Mr. 
Heslop has performed his editorial function 
faithfully and ably.*' — Saturday Review. 

"The volume before us well maintains 
the high repute of the series in which it 
appears. A good text, well printed^ with 
careful but not too elaborate notes, is the 
main characteristic of it, as of previous 

volumes An able introduction is 

prefixed to it, which the student will find 
useful ; and sJtogether we cannot but feel 
how different the school-books of the present 
day are from those which we recollect.**— 
John Butt. 

'* A well-written introduction, carefully 
edited text, ample and excellent footnotes 
— which include from time to time a short 
analysis of the text — and translations not 
less vigorous than accurate, make up a 
whole, which cannot fail to be equally ac- 



ceptable to both masters and sdidars." — 
Standard. 

" Mr. Heslop has shown very great criti- 
cal powers in the edition of tne famous 
speech now before us, especially in his anno- 
tations. ^ Indeed, his array of 

authorities, grammatical, critioJ, technical, 
historical, and explanatory, is from first to 
last worthy of all praise ; and nothing can 
exceed the clearness of the historical essay, 
which he has prefixed as an introduction 
to the work..**— ^cAcoI Board CkroHtcU. 

" In an elaborate introduction, the editor 
gives — ^what is eminently desirable for die 
student approadiin^ such a speech— an 
account of the intricate complications of 
Athenian politics in the period when the 
State was struggling to maintain itself 
against the preponderatinp^ power of Mace- 
donia. ... In dealing with the text of his 
author, Mr. Heslop has exercised an inde- 
pendent judgment, while availing himself 
of the labours of other editors ; and the 
grounds assigned for the course he has 
adopted will commend themselves to the 
attention of scholars. For the purposes of 
the student the commentary appended to 
the text affords all that is necessary in the 
way of judicious furtherance. Variations 
of reading are commented on, peculiarities 
of grammatical construction explained, and 
obscure allusions rendered intelligible by 
means of collateral information. An index 
affords the means of ready reference to the 
more important notc&.**'-ScotsmaH. 
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Demosthenis Orationes Privatae. 

By Arthur Holmes, M.A., Senior Fellow and Dean of Clare 
College^ Cambridge, and late Preacher at the Chapel Royal, Whitehall. 
De Corona. 5/. 

letting loose upon another a flood of epi- 



" We find a scholarship never at fault, 
an historical 'eve which sees over -the 
whole field of the political area occupied 
by Philip of Macedonia and the great 
orator whose business in life was to com- 
bat and thwart him, and an acuteness 
of criticism sufficing to discriminate be- 
tween the valuable and the worthless 
matter in the commentaries of previous 
editors. Of the speech itself and its famous 
loci classiei of eloquence and invective it is 
scarcely necessary to speak. To do full 
justice to these the reader must go to the 
fountain-head ; and he must have for com- 
mentator and, guide one whose mind is 
clearly made up, so that there may be no 
doubt or hesitation as to the sense of the 
words and sentences which claim his ad- 
miration. In the grand outburst where 
Demosthenes assures his audience that his 
policy and teaching agree with their own 
henMlitary instincts, and swears it by the 
memory of their forefathers' intrepidity, 
'rather than their success against the Per- 
sians ($ 308-9, &c.), 'Mr. Holmes is careful 
to smooth every difficulty, and in the vivid 
jncture of Uie excitement of Athens on the 
receipt of the news of Philip's occupation 
of Elatea ($ 169-70). he does good service 
in weighing the luceliest meaning of certain 
words which are important accessories of 

the {MCture In reading the speech 

a student seems to need the company of an 
exact annotator to assure him that his ears, 
or eyes, or powers of translation are not 
misleading him, when he finds an advocate 

Aristophanis Gomoediae. 

By W. C. Green, M.A., late Fellow of Kin^fj College, Cambridge; 
Assistant'Master at Rugby School. 
The Acharnians and the Knights. 4j. 
The Clouds, y. td. The Wasps, si. td. 

An Edition of The Acharnians and the Knights, rerised and 
especially adapted for Use in Schools. 4/. 
" Mr. Green has discharged his part of Dindorf and Meineke, which will be of 



thets so utterly beyond the widest license 
of modem pohtical discussion. That Mr. 
Holmes supplies the want indicated we 
shall proceed to show in one or two ex- 
amples of exact interpretation, having first 
glanced at the calm tenor of his judgment 
on one or two moot points connected with 
the speech itsdf." — Saturday Review. 

"Mr. Holmes has compressed into a 
convenient shape the enormous mass of 
annotation which has been accumulated 
by critics, English and foreign, on Demos- 
thenes' famous oration, ana he has made 
no trifling contributions of his own. He 
appears to us to deal successfully with most 
of the difficulties which preceding commen- 
tators have failed to solve—difficulties, it 
may be observed, which are rather histori- 
cal than critical, and which, for the most 
part, arise in the endeavour to reconcile 
the plain grammatical sense of the orator's 

words with known facts In 

purely critical questions the notes show 
all the subtle scholarship which we should 
expect from so renoMmed a classic as 
Mr. Holmes. If we note any one peculiar 
excellence, it is -die accuracy with which 
the shades of difference of meaning in 
the various uses of the tenses are noted, 
and nothing, as we need haidly say, could 
be more important in annotation on an 
oration whiai has for its subject-matter 
history partly contemporary, partly belong- 
ing to the recent past." — Spectator. 



the work with uncommon skill and ability. 
The notes show a thorou^ study of the 
two plays, an independent judgment in the 
interpretation of tne poet, and a wealth of 
illustration, from which the jcditor draws 
whenever it is necessary." — Museum. 

" Mr. Green's admirable Introduction to 
' The Qouds ' of the celebrated comic poet 
deserves a careful perusal, as it contains 
an accurate analysis and many original 
comments on this remarkable play. The 
text is prefaced by a table of readings of 



great service to students who wish to in- 
dulge in verbal criticism. The notes are 
copious and lucid, and the volume will be 
found useful for school and college pur- 
poses, and admirably adapted for private 
reading." — Examiner. 

" Mr. Green fumbhes an excellent intro- 
duction to ' The Clouds ' of Aristophanes, 
explaining the circumstances under which 
it was produced, and ably discussing the 
probable object of the author in writing it." 
— Atkefueum. 
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ISOCRATIS OrATIONES. 

By John Edwin Sandys, M.A., Fe//ow and Tutor of St. John's 
Collegdy Classical Lecturer at Jesus College^ Cambridge, 
Ad Demonicum et Panegyricus. 4j. td, 

" Isocrates has not received the atten- 
tion to which the simplicity of his style 
and the purity of his Attic language en- 
title him as a means of education. Now 
that we have so admirable an edition of 
two of his Works best adapted for such a 
purpose, there will no longer be any ex- 
cuse for this neglect. For carefulness and 
thoroughness of editing, it will bear com- 
parison with the best, whether English or 
foreign. Besides an ample supply of ^- 
haustive notes of rare excellence, we find 
in it valuable remarks on the style of 
Isocrates and the 'state of the text, a 
table of various readings, a list of editions, 
and a special introduction to each piece. 
As in other editions of this series, short 
summaries of the argument arc inserted in 
suitable places, and will be found of great 
service to the student. The commentary 
embraces explanations of difficult passages, 
with instructive remarks on grammatical 
usages, and the derivation and meanings 
of words, illustrated by quotations and re- 
ferences. Occasionally the student's atten- 
tion is called to the moral sentiment ex- 
pressed or implied in the text. With all 
this abundance of annotation, founded on 
a diligent study of the best and latest 
authorities, there is no excess of matter 
and no waste of words. The eleg£^ice of 

Persii Satirae. 



the exterior is in harmony with the intrinsic 
worch of the volume." — AiAetutum. 

*' By editing Isocrates Mr. Sandys does 
good service to students and teadiers of 
Greek Prose. He places in our hands, in 
a convenient form, an author who will be 
found of great use in public schools, where 
he has been hitherto almost unknown." — 
Cambridge University Gazette. 

"The feeling uppermost in our minds, 
after a careful and interesting study of this 
edition, is one of satisfaction and admira- 
tion ; satisfaction that a somewhat unfa- 
miliar author has been made so thoroughly 
readable, ^nd admiration of the compara- 
tively young scholar who has brought about 
this result by combining in the task such 
industry, research, and acumen, as are not 
always found united in editors who have 
had decades upon decades of mature expe- 
rience." — Saturday Review. 

" Mr Sandys, of St. John's, has added 
to the Catena Classicorum a very complete 
and interesting edition. The style of^ Iso- 
crates is discussed in a separate essay 
remarkable for sense, clearness of expres- 
sion, and aptness of illustration. In the 
introductions to the two orations, and in 
the notes, abundant attention is given to 
questions of authenticity and historical 
allusions."-^/W/ Mall Gazette. 



By A. Pretor, M.A., Fellow of St, Catharines College, Cambridge; 
Classical Lecturer of Trinity Hall. 

3J. (>d. 



** This is one of the ablest editions pub- 
lished in the ' Catena Classicorum ' under 
the superintendence of Mr. Holmes and 
Mr.^ Bigg. Mr. Pretor has adopted in his 
edition a plan which he defends on a gene- 
ral principle, but which has really its true 
defence in the special peculiarities of his 
author. Mr. Pretor has given his readers 
translations of almost all the difficult pas- 
sages. We think he has done so wisely in 
this case; for the allusions and construc- 
tions are so obscure that help is absolutely 
necessary. He has also been particularly 
full in his notes, he has tliought and 
written with great independence, he has 
used every means to get at the meaning of 
his author, he has gone to many sources 
for illustration, and altogether he has pro- 
duced what we may fairly regard as the 



best edition of Persius in English." — Mu- 
seum. 

"Mr. Pretor has boldly grappled with 
a most difficult task. He has, however, 
performed it very well, because he has 
begun, as his Introduction shows, by mak- 
ing himself thoroughly acquainted with the 
mind and temper— a sufficiently cynical one 
— of the poet, and thus laying a good basis 
for his judgment on the conflicting opinions 
and varying interpretations of previous edi- 
tors. It is a most useful book, and will be 
welcome in proportion as such an edition 
was really very much wanted. The good 
sense and sound judgment shown by the 
editor on controverted points, give promise 
of excellent literary work in future under- 
takings of the like kind." — Cambridg^e Uni- 
versity Gazette. 
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HOMERI I LIAS. 

Jfy S. H. Reynolds, M.A., 
Collegey Oxford, 

Books I. to 

'* Adopting the usual {>!an of the series, 
and giving references to standard works, 
rather than extracts from them, Mr. Rey- 
nolds is able to find space for much com'- 
ment thatis purely Homeric, and to show 
that it is not only a theory but a working 
principle with him, to make Homer his own 
mtefpfeter and Commentator. * Ex ipsd 
Homero Homints optime iutelligitur* is 
a dictum which no student of Homer would 
question for a moment ; but to acknow- 
ledge^ its truth is one thing, and prove it in 
practice is another, and the manner in 
which Mr. Reynolds has effected thb will 
go far to show his capacity for the difficult 
task he has executed. The notes are by 
no means overloaded, but seem to us to 
contain all that they should, in order to 
carry out the editor s purpose of assisting 
beginners, while there ts much that will 
prove valuable to advanced students. We 

Terenti Comoediae. 

By T. L. Papillon, M.A., Fellow of New College^ Oxford; late 
Fellow ofMefton, 

Andria et Eunuchus. 4f. 6^ 



late Fellow and Tutor of JBrasenose 

XII. 6x. 

heartily commend the book to omx readers' 
notice?*— Standard. 

"We have already more than once 
expressed a very high opinion of the re- 
prints of classical authors under the title 
of 'Catena Classicorum' which Messrs. 
Holmes and Big^ are now issuing. Part I. 
of Homer's 'Iliad,' comprising the first 
twelve books, is now before us,^ and it is 
sufficient for us to say that it is a most 
scholar-like and excellent edition that is 
here presented. The notes are of medium 
length, neither too long to make the book 
inconveniently bulkv, nor too brief to be 
usefuK .... Of Mr. Reynolds' Oxford 
reputation as a philosqphical scholar it is 
needless to speak, and liis name is a suffi- 
cient guarantee for the soundness and im- 
portance of this work." — En,glish Churck- 
fHan» 



"An excellent and supremely useful 
edition of the well-known plays of Terence. 
It makes no pretension to ordinary critical 
research, and yet perhapS) within the limits, 
it is all that could oe desired. Its aim being 
merely ' to assist the ordinary students in 
the higher forms of schools and at the Uni- 
versities,' numerous, and upon the whole 
very scholarly notes and references have 
been given at the bottom of each page of 
the text." — JVestmintter Review. 

"Another volume of the * Catena Classi- 
corum,' containing the first portion of an 
edition of Terence, deserves a word of wel- 
come ; and though Mr. Papillon's labours 
cannot claim ' the merit of critical research, 
or independent collation of MSS.,' they 
exhibit a fair promise of usefulness as a 
school and college edition. The footnotes 
are, in the main, helpful and appropriate." 
— Contemporary Review. 

" This nrst instalment of a school edition 
of Terence gives promise of a renewed 
vigour in the ' Catena Classicorum ' series, 
to which it belongs. Mr. Papillon is a 

Herodoti Historia. 



very competent Latin scholar, trained 
under Dr. Bradley at Mariborough, and 
young enough to know what schoolboys 
need ; and we hail as a proof of this, his 
advice to the student of Terence to familiar- 
ize himself collaterally with such store- 
houses of Latin scholarship as Lachmann's 
or Munro's Lucretius, and Forbiger's or 
Conington's Virgil. He has himself made 
reference to these ; and, as to grammatical 
references, limited himself mainly, as is the 
rule with editions in the Catena series, to 
the grammars of Madvig. There is a short 
but serviceable introduction, dealing with 
' the life, style, and Ikerary merits of 
Terence."— English Churchman. 

" We have before us another link in that 
excellent chain of dassical authors pro- 
duced under the general superiatend^ce 
of Mr. Holmes and Mr. Bigg Alto- 
gether we can pronounce this volume one 
admirably suited to the wants of students 
at school and college, and forming a useful 
introduction to the works of Terence." — 
Examiner. 



By H. G. Woods, M.A., Fellow and Tutor of Trinity College, Oxford. 
Book L, 6j. Book XL, 5^. 

[Just published. 
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23 HAMLET [Act I 

Give every man thy ear, but few thy voice ; 

Take each man's censure, but reserve thy judgment. 

Costly thy habit as thy purse can buy, 70 

But not expressed in fancy ; rich, not gaudy ; 

For the apparel oft proclaims the man ; 

And they in France of the best rank and station 

Are of a most select and generous chief in that 

Neither a borrower nor a lender be ; 

For loan oft loses both itself and friend, 

And borrowing dulls the edge of husbandry. 

This above all : to thine ownself be true, 

68 Give every man thine ear. For a good listener is generally 
thoQgfat by the willing speaker to be a man of sound judgment. 
" Mr. Canning," says Sir E. Bulwer, "would often make a kind 
of lounging tour of the House, listening to the tone of the 
observations which the previous debate had excited ; so that at 
last, when he rose to speak, he seemed to a large part of his 
audience to be merely giving a more striking form to their own 
thoughts." 

71 Expressed in fancy. Not marked or singular in device ; 
but with a quiet costliness suggestive of habitual self-respect. 

74 A most select and generous chief. Are of a most noble 
device in this — the *chirf' being the upper part of a heraldic 
shield. The passage is strangely misunderstood and even altered 
by Delius, Elze, and other editors. As r^;ards the metre, the 
three first syllables of. the line must be pronounced rapidly in 
the time of one, as in Macbeth, L 5, we have : 

" And take my milk for gall, you murdering ministisrs." 

76 Loses itself and friend. Who ever loves the creditor whom 
lie cannot pay ? 

77 Dulls tht edge of husbandry. Takes the edge off economy. 
Money borrowed, whether by individuals or nations, represents 
no saving or self-denial, and is therefore lightly parted with. 

78 To thine ownself be true. As you inwardly resolve, so do: 
then faithfulness to others as well as yourself becomes the 
habit of your soul. So Wordsworth (v. 49) speaks of the same 
steadfastness in — 

" The generous spirit who when brought 
Amongst the tasks of real life, has wrought 
Upon the plan that pleased his childish thought.'* 

And, in an equally noble style, an Eastern sage has said, "There 
is one way to gladden those whom you love : if one is not upright 
virhen retired mto himself, never will he bring rejoicing to those 
"who are near him." 
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CHEMISTRY 



Fig. 16. 



In Fig. 16 is represented a very pretty experiment, show- 
ing that this gas is heavier than air. First, balance a jar 

with a weight. I say ba- 
lance ajar. Is that exactly 
correct ? Is there not some- 
thing in the jar? "No," 
you will perhaps say, " it is 
empty." But think a mo- 
ment. That jar is full of 
something, and that some- 
thing has weight. It is full 
of air. We have balanced, 
then, a jar full of air. Now 
if, as represented, carbonic 
acid gas be poured into the 
jar on the scales, the jar will 
descend and the weight will 
rise. Why ? Because there is now a gas in the jar that 
is heavier than air. 

If you have a jar filled with this gas, you can take it out 
with a little bucket, as seen in Fig. 17. As you take one 
bucketful after another out, it can be poured away as water ; 
and air will take the place of the gas as fast as it is 
removed. 

If a soap-bubble fall into a jar of carbonic acid gas, it 
will not go to the bottom as it would if the jar were full of 
air. It will descend a little into the jar, and then ascend 
and remain in its open mouth. Why is this ? The air that 
is blown into the bubble is lighter than the gas in the jar. 




\Ecuy Introduction to Chemistry, Seepage 1 1.] 
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Pboposition B. Theorem. 

Xftwo triangles have two angles qf the one equal to two 
angles of the otJier, each to each, and the sides acffacent to 
ths equal angles in each also equal; then must the triangles 
be equal in aU respects. 





In haABCyDEF, 
let lABC= iDEFyB.iidL lAGB= iDFE, and BC=EF. 
Then must AB=DE, and AC^DF^ and i BAC= l EDF. 

For if aDEF be applied to a ABC, so that E coincides 
with B, and JEF falls on BC; 

then ••• EF^BC, .'. F will coincide with C; 

and •/ z DEF= t ABC, .\ ED will fall on BA ; 

/. D will fall on BA or BA produced. 

Again, / z DFE= z ACB, .'. FD will fall on CA ; 

.'. D will fall on GA or CA produced. 

:. D must coincide with A, the only pt. common to BA 
and CA, 

.*. DE will coincide with and .'. is equal to ABy 

and DF AC, 

and lEBF lBAC\ 

and .'. the triangles are equal in all respects. Q. b. t>. 

Cor. Hence, by a process like that in Prop. A, we can 
prove the following theorem : 

If two angles qf a triangle he eqttal, the sides which sub- 
tend them are also equal. (£ucL i. 6.) 

S. E. 

\Elements of Geometry, Siepage^^ 
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thus : if the articles had cost jQi each, the total cost 
would have been jQz^'j^ ; 

.-. as Uiey cost i of ^i each, the cost will be £^^, or £4.13. 

The process may be wiitt^i thus : 
3 J. 4^. is i of ;^ I I ;f 2478 = cost of the articles at j^i each. 

;^4i5 = cost at 3x. 4//. . . . 

Ex. (2). Find the cost of 2897 articles at ^£2. 12s, gd, 
each. 



;^2 is 2 X ;^I 

lOf. is I of ;^I 
2s, is J of lor. 
Sd, is J of 2s. 
id, is i of 8^. 



2897 . 0.0=^ cost at ^i each. 



5794 . O . 0= ...... ;f2 .. 

1448 . 10 • o = lor. . . 

289 • 14 • o = 2S. . . 

96 . II . 4 = 8</. .. 

12 . 1.5= id, ., 



£7640 . 16 , 9 = £2, 12S 



9^. each. 



Note. — ^A shorter method would be to take the parts 
thus: 

lor. = i of ;^i ; 2s,6d,=lo{ los". ; zd. = -^ of 2s, 6d. 

Ex. (8). Pind the cost of 425 articles at £2, iSs. 4d. 
each. 

Since £2. iSs. 4^. is the difference between j£^ and 
IS, Sd, (which is -j^ of £1), the shortest course is to find 
the cost at jC$ each, and to subtr€u:t from it the cost at 
IS, M, each, tiius : 



i^3is3x/i 
If. Zd, is A of /i 



£ J. d. 
425 . 0.0 = cost at £1 each. 



1275 • 0.0= ;f 3 

35 . 8.4= is,Zd, each. 



;f 1239 .11.8= £2, iZs. 4d, each. 

\Arithpteiic, Seepage 9.] 
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28. To shew that the angle eubtended at the centre qf 
a ciriote 'by an are equal to the radiue of the circle is the 
same /or all circles. 




Let be the centre of a oircle, whose radius is r ; 

AB the arc of a quadrant, and therefore AOB a right 
angle; 

AP an arc equal to the radius A 0, 

trr 

Theii, ^P«r and ^^=-2-. (Art. 14.) 

Now, by Buc. tl 33, 

angle AGP __ arc AP 
mg\e~AdB "" arc -4-ff ' 



or, 



angle w^OP __r 
a right angle vr 

2 



Hence 



angle AGP = 



2r 

frr 
2 

2 right angles 



Thus the magnitude of the angle AOP is independent of r 
and Is therefore the same for all circles. 

[TUgonotmiry, Seepage 8.] 
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89. Case II. The next case in point of simplicity is that 
in which four terms can be so arranged, that the first two 
have a common factor and the last two have a common flEu^r. 

Thus 

a:^ + Oitf + 5iP + a6 = (aj* + or) + (5a? + oft) 

=a? (a? + a) + 6 (a? + a) 
=(a?+5)(a?+a). 

Again 

a<? - flk^ - &c + M = (oc - flk^)— (6c - M) 

-a{c—d)—'b{e—d) 

-(a-6)(c-d). 

EXAMPLBS. — ^XVIII. 
Resolve into £Eictors : 

1. s^-aa—hx-^ab. 5. aba^^axy-\-hxy—y^, 

2. ab-^aa—hx—a^, 6. dbx—aby+cdx-cdy. 

3. hc-^hy-cy-y\ 7. cdx^-^dmxy—cnxy—mnt/*. 

4. bm-^mn + db-\-an, 8. abcx-l^dx—acdy+bd^. 

90. Before reading the Articles that follow the student is 
adrised to turn back to Art. 56, and to observe the manner in 
which the operation of multiplying a binomial by a binomial 
produces a trinomial in the Examples there given. He will 
then be prepared to expect that in certain cases a trinomial 
can be resolved into two binomial factorsy examples of which 
we shall now give. 

91. Case III. To find the factors of 

ic*4-7a?+12. 

Our object is to find two numbers whose product is 12, 

and whose sum is 7. 

These will evidently be 4 and 3, 

.-. x^ + 1x+l2=(x+4:){a-^Z). 

\gaiu, to find the factors of 

aj2+56a?+66». 

Our object is to find two numbers whose product is 66*, 

and whose sum is 6b. 
These will clearly be 3& and 26, 

.. «* + 664: + 66*=(a? + 36)(a?+26)* 

[A/£g5ra. Seepage 7.] 
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D. JUNII JUVENALIS 



Praetexta et trabeae, fasces, lectica, tribunaL 
Quid, si vidisset praetorem curribus altis 
Exstantem et medio sublimem in pulvere Circi, 
In tunica Jovis, et pictae Sarrana feren£em 
Ex humeris aulaea togae, magnaeque coronae 
Tantum orbem, quanto cervix non sufficit ulla? 
Quippe tenet sudans banc publicus, et, sibi Consul 
Ne placeat, cumi servus portatur eodem. 
Da nunc et volucrem, sceptro quae surgit ebumo, 
Illinc comicines, hinc praecedentia longi 
Agminis officia et niveos ad fraena Quirites, 
Defossa in loculis quos sportula fecit amicos. 
Turn quoque materiam risus invenit ad omnes 
Occursus hominum, cujus prudentia monstrat 
Summos posse viros et magna exempla daturos 
Vervecum in patria crassoque sub aere nasd. 



35 



40 



45 



50 



35] These details are mentioned 
not as more ridiculous in themselves 
than anything Democritus had seen 
in Greece, but because Democritus 
regarded all human life as a farce, 
and at Rome the farce was more 
elaborate. Lectica refers to the pro- 
cession of clients who accompanied 
it; tribunal to the display of empty 
eloquence before it. 

36, sqq.] "What would he have 
said of the praetor's triumphal pro- 
cession from the Capitol to the 
Circus?" The triumphal dress sug- 
gests the idea of triumph, and this 
««j///(inf. 41). 

38 tunica Jovls] Whom he per- 
sonated, hence the eagle on his 
sceptre. .The tunic was so costly 
that it was not till the third century 
that a private person possessed one 
of his own, even the emperors when 
they triumphed supplied themselves 
from the treasury of the Capitol or 
of the Palace. 

— Sarrana] From the unhel- 
lenized form of Tynis. 



39 aulaea] A whole stage-curtain 
of a toga. 

41 Qtilppe] '*No head could 
support it: why it makes the slave 
sweat to hold it up. " 

44 longi agminis offlda] There 
is no more difference between this 
and longa agmina officiosorum, than 
between * a high-spirited nobleman 
on a long-tailed horse,* and * a long- 
tailed nobleman on a high-spirited 
horse.' 

45 niveos] In bran new togas 
probably given for the occasion. 

46 Defossa] To make sure that 
they've got it: also to make sure 
that they will not lose it, of. Falla- 
cem circum, Hor. Sat I. vi. 113. 

47 Turn] Even between B.C. 

460—357. 

50] An Abderite would have 
hung himself. The cord giving 
way, he fell, and broke his head. 
He first went to the surgeon, and 
had his wound plastered, and then 
again hung himself. 



\yt4venaL See pages 15-30.] 
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THE ELECTRA OF 

HA. [interrupting] rt r&v iirovrfav ^ rC r&p ovrttnv iripi ; 
IIP. [jsolemhly'] Xapelv if>CXov Orjaavpov, hv <t>a[v€i OcSs' 235 
HA. idot/, icoXtt 6€o{is» 

[da&ping her handi\ 17 rl Vq kiyeis, yipov ; 

JTP. fiki\lfov wv is t6vSj oh riiofov, rhv <f>CkTarov. 

[turning her round to Oeestes.] 
HA. [Mdly'} TrdXai biboiKa, firi <nj y' oifKir ev if>pov^s» 
HP. ovK cS <t>pov& 'yo) abp KcurCyvrjTOV jSXciroov ; 
HA. [tiarting wddenLy] 

TTtts elvas, a» y^paC^ iviXmi.arrov koyov ; 240 

JTP. [emphaticdUy] opca/ *0p4<rrrjv rdvbe tov ^ kyap.ipvovos. 
HA, Ttolov ^apanrrip ilanbiav, <^ Trc^o-o/jiaft ; [incredviom'] 
HP. [pointing at a ecar in Obestes' forehead'] 

ovkriv Trap' 6<t>p6v, ifv iror iv varpos b6px)is 

v^Ppov bidKOiV aov fiiO* 'ppixBri vea-iv, 
HA. vm 4>lis ; 6p& p.^v 7rr<ap^Tos r€KprjpLoi;. 245 

[astounded, but BtiU keeitaUng,] 
HP. iireira p,ikk€is Ttpocrnhv^iv tols ^4\T<£rots ; 
HA, [resolved] oAX' ovkcV, S y^paii* avy^SkoKTi yap 

Tols a-oLS viTTfia-pLai dvpL6p, [she rushes vn a transport of 
joy into her hrother*s arms.,] a> xpovi^ if>av€Csp 

l)(fi) (T dcXiTTfi)?. OP. Kd.( ipx)v y' l\€t. ypovi^, 
HA. ovbiTTOTe 8dfa<r . OP. ovb' lyo) yap ^Amcro. 250 
IIP. iKtLVOS €t av ; 
OP, (TvpLyLay(6s yi iroi puovos, 

riv iKoirda-iopjaC y bv p.€ripxopai p6kov, 

TsiisoiOa b\ rj xph M^*^^^' rjyelaOai Oeovs, 

(I T&biK iarai rrjs bCicris vviprepa* [with cor^dencs,'] 

[Scenes from Greek Plays. Seepage i8.] 
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EXERCISE XXII. 

HERCULES. 

I was bom a boy, stronger than brother Iphicles, 

a new-born babe worthy of Zeus as father ; 

and I showed strength, released from sw;addling 

clothes ; 
and I proved myself to all nobly bred. 
5 Hera sent on us two two snakes for murder ; 

and just before dawn flashed down a dreadful light 

on the bed. 
Iphicles seeing monsters weeps in vain, 
and silently crouches hidden in bed-clothes ; 
but I shouted aloud having conquered serpents : 
10 and this is first of contests. And the neighbours 
asked, How is AmpTtryon father of the boy ? 
for he prevails over hydra and savage lion ; 
running, not hunting, he catches a stag, 

1. I was born, Ex. v. 8. 

2. New-born^ vcoyi'^s. 

3. To release^ &ireiXA(i<r(rciir. 

4. Proved myself, aor. pass, of ^vtt. Bred, perf. part Anapaest in 
first foot, or tribrach in second. 

5. TwOf sign of the dual.' For, irphs. 

6. yUsi be/ore, iwi with the accusative. To flash dawn on, KoratrK'^irrtt. 

7. Monster f 9a'Kos. In vain, Ex. xvi. 6. Insert ft^p for the sake of 
contrast with the ninth line, as in Ex. xix. i. 

9. To shout aloud, hvoKoKditiv, 

11. To ask a question, ipcar^v: aorist, iip6ii7iv. The three last syllables of 
'Afi^trp^p make an anapest. 

12. To prevail over, Kparuv, with the genitive. 

13. Punning, dpofidios. To hunt = to be a hunter, static verb from 
Kvvriyinjs. Tribrach in third foot. 



[lophon. Seepage 16 
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THE DELUGE. 
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their kind, and of every creeping thing of the earth after 
his kind." Sufl&cient food was also to be provided : "take 
thou unto thee of all food that is eaten, and thou shalt 
gather it to thee, and it shall be for food for thee and for 
them" [Gen. vi 19-21]. 

To make all these preparations required a strong belief 
in God on the part of Noah. The world around him 
utterly disbelieved the message which he conveyed to it 
during many years of preparation as the "preacher of 
righteousness' [2 Pet. ii. 5], while God's longsuffering 
waited [i Pet. lii. 20]. Our Lord says that "they were 
eating and drinking, marrying and giving in marriage, 
until the day that Noah entered into the ark, and knew 
not until the flood came and took them all away" [Matt. 
xxiv. 38 ; Luke xvii. 26]. But though all the world dis- 
regarded, Noah was entitled to be enrolled among the 
number of St Paul's " elders who obtained a good report," 
for his faith made him believe in the things of which God 
gave him warning "though not seen as yet" [Heb. xi. 7], 
and it is recorded of him, "Thus did Noah; according to 
all that God commanded him so did he" [Gen. vi, 22]. 

The Ark which Noah built in obedience to the Divine 
command was not a navigable ship, but a great wooden 
** coffer," or water-tight chest, made so as to float about 
steadily upon the water.* 

It was built of cypress or "gopher" wood, and covered 
with pitch within and without to secure it against leakage 
from the flood below or the rain above. The size of the 
ark is distinctly g^ven as being 300 cubits in length by 50 
cubits in width, and 30 cubits in height. The cubit is 
reckoned at about 21 inches, and we are thus able to com- 
pare the size of the ark with that of our large iron and 
wooden ships of modem days.* 



The Ark 

Duke of Wellington 

Great Eastern 


Length. 


Breadth. 


Depth. 


525 feet 
S40 feet 
680 feet 


87 feet 6 inches 
60 feet 
83 feet 


52 feet 6 inches 
72 feet 4 inches 
58 feet 



^ Its object being the same as that 
of the ** ark " in which the infant Mo- 
ses was placed when cast into the Nile 
in obedience to the edict of Pharaoh. 

* The proportions of the ark are 
exactly those of the human body, 
vix.f zo*'fz'6+x'; and the rapacity 



of these proportions for stowage has 
been proved by experiments in Hol- 
land and Denmark to be a third 
greater than that of vessels as built 
for ordinary sailing purposes. That 
of the Ark was thus about the same 
as that of the Great Eastern. 



[Companion to Old Testament Seepage 24.] 
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CHANTING. 

Chanting is the axrangement of prose in a rhythmical form. 
The psahns, canticles, &c. are sung or chanted to melodies 
called Chants, which are either single or double. 

The melody of a single chant is, for convenience, written in 
phrases of seven bars of two minims each or their value. 

The first half of a chant has three, the second four bars. 

The first half is called the mediation^ the second the cadence. 

Turner. 



* 



-^ 



First half. 



■J I ^ U-^ I Y f 



■JS± 



I 



Second half. 



A double chant is simply a single chant form repeated. 

Attwood. 




^ l j,i,! i . | i!V|-ll,^ 






Iprri^^ll \rrjf^^. \ 



F 



First half a. 



Second half a. 



First half 3. Second half h, 

^ 



A single chant is arranged to fit one verse of the psalms, a 
double chant two; for the long psalms quadruple chants, of 
which the phrase or melody is designed to include four verses, 
have been writteiu 

A changeable chant is one whose key-chord may be either 



\The Chorister's Guide, Seepage 28.] 
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(especially in winter), and only a limited number of troops can march along 
one road. Thus all roads leading out of a fortress are to some extent like 
causeways across a marsh, for practical purposes. The difficulty is dimi- 
nished by acting at night, and by making feints. 

24. Fort St. Georges was on the east. La Favorita on the north side, both 
on the outside of the lakes. A t^te-de-chaussde is a fort which commands 
and '* caps " a road, as a t^te-de-pont does a bridge. 

25. " Considered himself able to obtain.'^ 

26. Detached, that is, from the army now under the Archduke Charles. 
Till this new force, under a new general, should arrive, Melas was left in 
command of what remained of Beaulieu's army, now in retreat up the valley 
of the Adige. Beaulieu himself was recalled. 

27. The district called the Vorarlberg lies between the Lake of Constance 
and the Tyrol. The Tyrolese attachment to the House of Austria is 
famous. In 1809, Napoleon wanted to take the Tyrol from Austria, and 
give it to Bavaria, setting up the latter as a rival power to Austria. The 
Tyrolese resisted. [Story of Hofer.] 

28. [Why did not Bonaparte cross the Adige, or else ascend it, and make 
for the Danube ?] 

29. " Dependent on " (comp. the English "irrelevant") . . . "invested 
with," i.e. holding. These little domains were only nominally dependent 
on the empire ; in reality they were part of the territory of Genoa, and con- 
tributed to its militia. " The empire " had only eight years more to live. 
When Francis IL saw that he had lost all real power as emperor, he tiirew 
it up altogether, and took the title of Emperor of Austria instead. 

30. [St. Januarius.] 

31. There were also six thousand English in Corsica, who might have 
reinforced an army attacking Bonaparte from the south. [Have English 
troops ever been in North Italy ? Only once, I believe.] 

32. In its lower course, the Po is higher than the surrounding country, 
thanks to the deposits brought down from the Alps, which raise its bed 
incessantly. It is walled in by high embankments, kept in order by a staff 
of engineers, as in Holland. But, in ^ite of their efforts, the river some- 
times breaks through. 

33. ** Referred the question of peace to." 

34. Napoleon had strange good fortune in one respect : his enemies 
never attacked him at the same moment In this campaign he could 
hardly have resisted a flank attack from a Papal and Neapolitan army 
combined with that of the Austrians. So, when he beat Austria at Auster- 
litz, Prussia on his left flank was holding back ; when he beat Prussia at 
Jena, Austria on his right flank was passive; when he invaded Russia, 
neither Prussia nor Austria stirred ; when at last they did combine in one 
attack, they were more than a match for him, and he was ruined in the 
great battle of 1813. 

\Campaigns of Napoltotu Seepage 27.] 



INDEX. 



HISTORY . . . 
ENGLISH . . . 
MATHEMATICS 
SCIENCE . . . 



PAGE 

X 

3 

6 

iz 



PAGB 
IS 



LATIN 

GREEK. ••••••.• i6 

DIVINITY 84 

MISCELLANEOUS .... 27 



CATENA CLASSICORUM 29 



PAGE 

Abbott (Evelyn), Selections from 
Lucian ........ z6 

Alford (Dean), Greek Testament . 91 
Anson ( W. R.),Reign of George III. 2 

Aristophanes, by W. C. Green . . 22, 32 

Scenes from^ by Arthur 

Sidgwick 

Aristotle's Ethics, by 'Edvrsad Moore 

J. E. T. Rogers 

Arnold (T. K.), Cicero .... 

■ ^ Cornelius Nepos 

Cnisius' Homeric 



Lexicon 



position 



Demosthenes . . 
Eclogse Ovidianae . 
English Prose Corn- 



First French Book . 
First German Book. 
First Greek Book . 
First Hebrew Book. 
First Verse Book . 
Greek Accidence . 
Greek Prose Com- 



position 



Book 



Henry's First Latin 



Homer forBeginners 
Homer's Iliad . . 
Latin Prose Compo- 



sition 



Madvig's GreekSyn- 



tax 



Sophocles . . 
and Kiddle (J. E.), 



English-Latin Lexicon . 



18 

2X 
21 

14 
13 

19 
20 

14 

5 
27 
27 

17 
28 

13 
»7 

17 

13 

X9 

13 

17 
22 

IS 



Barrett (W. A.), Chorister's Guide 28 

Beasley (R. D.)> Arithmetic ... zo 
Beesly (A. H.)* Grecian and Roman 

History z 

Bigg (Ch.)* Exercises in Latin Prose Z2 

Thucydides . . . • 33, 30 

Blunt (J. H.), Household Theology 25 

Keys to Christian 

Knowledge 36 

' Bowen (E. E.), Campaigns of Napo- 
leon 27 



Bridge (Christiana), History of 
French Literature ..... 
Bright (J. Franck), English History 

History of the 

French Revolution 

and Storr (Fran- 



PAGB 

3 
z 



cis), English School Classics . . 
Browning (Oscar), Great Rebellion. 
Historical Hand- 



books 



Cicero, by T. K. Arnold . . . 
Companion to the Old Testament . 
Cornelius Nepos, by T. K. Arnold . 
Crusius' Homeric Lexicon, by T. K. 
Arnold 



3 

2 



14 
24 
13 

19 



Dallin (T. F.) and Sargent J. Y.), 

Materials and Models, &c. . . Z4, ig 
Davys (George), History of England x 

Demosthenes, by T. K. Arnold . . 20 

by G. H. Heslop . 20, 3Z 

by Arthur Holmes . 20, 32 

Euclid, by J. Hamblin Smith . . o 

Euripides, Scenes from, by Arthur 
Sidgwick ........ 



Foster (George Carey), Electricity 

Sound . 

Fradersdorflf (J. W.), English-Greek 
Lexicon 13 



18 

IX 

zz 



Gantillon (P. G. F.), Classical Ex- 
amination Papers 

Gedge (J. W.), Young Churchman's 
Companion to the Prayer Book . 

Gepp (C. G.), Latin Elegiac Verse . 

Girdlestone (W. H.), Arithmetic . 

Goulbum (Dean), Manual of Con- 
firmation 

Greek Testament, by Dean Alford 

by C.Wordsworth 

Green (W. C), Aristophanes . . 

Gross (E. J.), Algebra, Part II.. . 

Herodotus (Extracts from), by J. 
Surtees Phillpotts 



X4, 20 

24 

13 
zo 

25 
. sx 

2Z 
22, 32 

7 



17 



INDEX. 



PAGB 

Herodotus, by H. G. Woods . . 22, 34 
Heslo^ (G. H.), Demosthenes .' . 20, 31 
Histonod Handbooks, edited by 

Oscar Browning 2 

Holmes (Arthur), Demosthenes . . 20, 32 
Homer for Beginners, by T. K. 

Arnold 19 

Homer's Iliad, by T. K. Arnold . 19 
— ^— — — by S. H. Reynolds . 19^ 34 

lOPHOK x6 

Isocrates, by J. £. Sandys . . . 20, 33 

Jbbb (R. C.)* Sophocles . . . . 22, 29 

'■ Supremacy of Athens 2 

Juvenal, by G. A. Simcox . . .15, 30 

Keys to Christian Knowledge 26 
Kitchener (F. £.), Botany for Class 

Teaching iz 

(Frances Anna), a Year's 

Botany zz 

Laun (Henri Van), French Selections 27 
Lucian, by Evelyn Abbott ... z6 



Madvig's Greek Syntax, by T. K. 

Arnold 

Moberly (Charles £.)« Shakspere , 
Moore (Edward), Aristotle's Ethics 



X7 

4 

2Z 



NoRRis (J. P.)f Key to the Four 
Gospels . . 4 26 

■■ ■ to the Acts 

of the Apostles '26 



OVIDIANA EcLOGiG, by T. K. 
Arnold 



14 



Papillon (T. L.), Terence . . . Z5, 34 
Pearson (Charles), English History 

in the XIV. Century .... 2 
Pelham (H. F.), The Roman Revo- 
lution a 

Phillpotts (J. Surtees), Extracts fxprn. 

Herodotus . jy 

• — Scott's Lay of 

the Last Minstrel 5 

— — Shakspere . 4 

Prayers and Meditations .... 25 
Pretor (A.), Persii Satirae . . . zs, 33 

Reynolds (S. H.), Homer's Iliad . X9, 34 
Richardson (G.)* Conic Sections . 9 

Riddle (J. £.) and Arnold's Eng. 
Lat. Lexicon Z5 



RiCK (Arthur), Introduction to 



n 



emistry 



Science Class-books 



Rogers (J. £. T.), Aristotle's Ethics 



pack 

zi 
zz 

2Z 



Sandys (J. £.)• Isocrates 



Sargent (J. Y.) and Dallin (T. F.), 



• ^o, 33 



aterials and Models, &c. . . X4, Z9 

— Latin Version of (60) 

Selected Pieces Z4 

Scott's Lay of the Last Minstrel, by 

J. S. Phillpotts 5 

Shakspere's As You Like It and 

Macbeth, by C. E. Moberly . . 4 
——^—^— Much Ado and Tem- 
, pest, by J. S. Phillpotts ... 4 
■ Coriolanus,byR. White- 
law . 4 

Hamlet, by C. E. Mo- 
berly 4 

Sidgwick (Arthur), Scenes from 
Greek Plays ....... z8 

Simcox (G. A.), Juvenal .... Z5, 30 

Smith (J. H.), Arithmetic ... 9 

Elementary Algebra . 7 

Exercises in Algebra . 8 

Hydrostatics ... 8 

— ■^— — — ^— Geometry .... 9 

Statics 8 

Trigonometry ... 8 

(Philip v.). History of English 

Institutions a 

(R. Prowde), Latin Prose Ex- 



ercises 
Sophocles, by T. K. Arnold . . . 

by R. C. Jebb . . . 

Stainer (John), Theory of Harmony 
Storr (Francis), English School 

Classics 

■ — Greek Verbs . . 



Z2 
32 



22, 29 

28 



3 
z6 



Terence, by T. L. Papillon . . xs, 34 
Thiers' Campaigns of Napoleon, by 

E. E. Bowen 37 

Thucydides, by C. Bigg . . . . 23, 30 
Treasury of Devotion .... 25 

Way of Life 25 

Whitelaw (Robert), Shakspere's Co- 

riolanus 4 

WiUert (F.), Reign of Louis XIV. . 3 
Wilson (R. K.), History of English 

Law a 

Wilson's Lord's Supper .... 25 

Woods (H. G.), Herodotus . . .22, 34 

Wordsworth (Bp.), Greek Testament ax 



